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DECORTICATION IN CHRONIC EMPYEMA OF TUBERCULOUS ORIGIN 


Fraser B. Gurp, M.D., C.M. 
MONTREAL, QUE. 


URING the years 1919 to 1925, approximately seventy patients with chronic 

empyema were admitted to my service at Ste. Anne’s Military Hospital. 
This comparatively large number of patients were soldiers and sailors of the 
Canadian services. , They had developed chronic empyema in consequence of 
infected pleural cavities as the result of both gunshot wounds and as a sequel 
of the pandemic of influenza. In June, 1921, the results of treatment in the 
first group of twenty-five patients were reported. Since the results in the 
whole group of seventy patients were in every way comparable to those reported, 
a short analysis of the smaller group is included here. 

Of the twenty-five referred to above, in twelve the condition followed gun- 
shot wounds, in twelve it was the result of empyema, and in one it was tuber- 
culous in origin. In ten eases of smaller cavities, eure followed improved drain- 
age or removal of foreign bodies. One patient left the hospital improved but 
not healed. In this group referred to as smaller cavities, the average duration 
of disease was thirteen months, the longest twenty-four months, the shortest 
six months. 

In the group of large cavities, in six of which there was exhibited either 
complete or almost complete collapse of the lung, decortication was carried out 
in ten. In two of these immediate expansion of the lung failed to take place. 
In one of these two, the chest wall was collapsed with ultimate cure. In the 
other, a soldier whose condition was in extremis upon admission and who suf- 
fered from nephritis, a limited decortication was attempted. No expansion of 
the lung occurred and no further operative interference was attempted. This 
was the only death in the series. In this latter group of fourteen patients, the 
leneth of time during which the disease had lasted prior to admission to Ste. 
Anne’s Military Hospital was from eight to fifty-four months. 


From the Montreal General Hospital, the Royal Edward-Laurentian Hospital, and the 
yrace Dart Home Hospital, McGill University, Montreal. 

Read at the Twenty-Sixth Annual Meeting of The American Association for Thoracic 
Surgery, Detroit, Mich., May 29, 30, and 31, 1946. 
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At the meeting of the Association in Boston, in 1921, a paper entitled 
‘*Seoliosis accompanying Chronic Infected Open Pneumothorax’’ was read.” 

Reference is made to this article at this time because the history and ac- 
companying pictures illustrated the extreme deformity which may occur in a 
young person as the result of long-standing empyema. 

During the years immediately following the last war, a number of con- 
tributions upon the subject of chronie empyema were published on this con- 
tinent, notably those of Keller, Hedblom, and Eggers. In all three of these 
articles, reference was made to decortication and, in the main, the results re- 
ported from the performance of this procedure were satisfactory, although not 
enthusiastic. 

Although very little reference to chronic empyema has been made before 
this Association, or, for that matter, elsewhere, over a period of many years, 
in 1941 the subject of chronie nontubereculous empyema was presented by 
Singleton and Moore* and was followed by a very general discussion in which 
Bigger, Eggers, Carr, and others, including that great gentleman, Howard 
Lilienthal, took part. The general tenor of this contribution and of the dis- 
cussion was to support decortication of the lung in the treatment of certain 
carefully selected cases of chronic empyema. The fact that the procedure pre- 
serves pulmonary function and avoids marked deformity, as compared with 
chest wall collapse, was stressed by all speakers. Of special interest in so far 
as my contribution today is concerned is the fact that, among the contra-indica- 
tions to decortication, tuberculosis was referred to by all speakers as perhaps 
the most important. 

It is fully realized by the author that the study of three cases in whieh 
operation for chronic empyema complicating pulmonary tuberculosis has been 
performed is not proof that the procedure which is being suggested has any 
wide applicability, nevertheless, in view of the relative frequency of the disease, 
in view of the unsatisfactory results obtained by other methods, including extra- 
pleural thoraecoplasty and operations of the Schede type, and in view of the 
crippling deformity which follows in those who survive extensive operations for 
collapse of the chest wall, I believe that the matter of decortication deserves 
consideration. I make, therefore, no apology for basing a discussion on sueh a 
small number of eases. 

In consequence of early experience in decortication for chronie empyema, 
I have continued in the intervening years to perform this operation on a moder- 
ately large number of patients every year: Since the results have been, in the 
main, satisfactory and unfavorable complications or sequelae are substantially 
absent, I undertook an experiment two years ago of performing decortication 
of the lung in a patient with chronic empyema due to tuberculosis. Since that 
time, two other patients with chronic empyema which complicated artificial 
pneumothorax in the treatment of pulmonary tuberculosis have been operated 
upon. 

Prior to 1940, in our clinics at both the Grace Dart Home Hospital and 
the Royal Edward-Laurentian Hospital, the incidence of empyema complicating 
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pneumothorax had been distressingly high.‘ Fortunately, since that date, in 
consequence of better realization on the part of physicians in our community 
of the risk of an inadequate pneumothorax, the number of patients with this 
serious complication has very materially diminished. We have had a large 
number of these patients under our care in the past, however, and have been 
impressed by the unsatisfactory effect of extensive thoracoplasty of either the 
extrapleural or Sechede types. 

During the summer of 1944, a child 9 years of age, R. MeM., was admitted 
to the Royal Edward-Laurentian Hospital, Montreal Division, having suffered 
from a mixed tuberculous empyema for over twelve months, for which thora- 
cotomy had been performed. Since it was realized that serious deformity was 

_almost inevitable in a child of this age whether the disease could be arrested 
by more adequate drainage alone or by extensive thoracoplasty, it was decided 
to attempt decortication. This decision was arrived at despite the overwhelming 
consensus of opinion that tuberculosis constituted a definite contraindication to 
the procedure, and despite the fact that no one in our group had had any 
experience in the performance of the operation for tuberculous disease. 


R. MeM. was first seen in July 1941, at the age of 6. He belonged to a family many 
of whom were suffering from pulmonary tuberculosis. Although Mantoux reaction was posi- 
tive, no definite evidence of pulmonary disease was noted until August, 1943. On this latter 
date he was admitted to the Royal Edward-Laurentian Hospital suffering from a total left- 
sided empyema with displacement of the mediastinum and mixed culture of Type VI pneu- 
mococei, and Staphylococcus pyogenes was isolated. Rib resection for drainage was carried 
out with improvement in the child’s condition, which had been very grave. 

The child’s condition improved as the result of drainage, but two months later a 
heavy growth of tubercle bacilli was obtained. In the interval, he had been transferred to 
the Children’s Memorial Hospital. In January, 1944, he was re-admitted to the Royal 
Edward-Laurentian Hospital and a preliminary extensive thoracotomy was carried out. The 
wound was left wide open and packed with liquid paraffin ‘‘bipped’’ gauze. As the result 
of this more adequate drainage, a substantial improvement in his condition occurred. The 
thoracotomy incfsion was further enlarged so that the whole base of the cavity was clearly 
exposed, and in August, 1944, that is to say, twelve months after the onset of the empyema, 
decortication was carried out. 

At operation it was noted that the parietal pleura had thickened to about 1.5 em. and 
the ribs were overlying one another. The membrane overlying the lung, pericardium, and 
diaphragm varied in thickness from 2.5 to 3 mm. and showed in the gross many tubercles. 
Decortication was carried out without unusual difficulty, although, as has been my experience 
in most eases of chronic empyema, small areas of damage to the lung surface were inflicted. 
Air bubbles appeared at different spots. Hemorrhage was insignificant and was easily 
controlled by packing. After the lung surface forming the bases of the cavity had been 
freed from dense, fibrous, tissue membrane, it was dissected free from the mediastinum 
anteriorly and from the vertebral gutter posteriorly. It was also carefully separated from 
the medial portion of the diaphragm. In this way no great difficulty was experienced in 
separating the small mass of lung tissue up to the hilar region. 

An attempt was made to expand the lung by means of increased pressure through the 
intratracheal tube through which cyclopropane had been administered. This procedure, 
although it caused slight expansion of the lung, was not effective; the child was, therefore, 
allowed partially to regain consciousness and coughing was induced. As soon as he coughed 
the lung ballooned out and became pale pinkish and downy. As coughing continued, hernia- 
tion of the lung through the large thoracotomy wound occurred. 
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Two thicknesses of soft gauze which had been soaked in liquid paraffin to which a 
small amount of ‘‘bipp’’ had been added were carefully laid over the surface of the ex- 


, 


panded lung so that ‘‘curtain drainage’’ was established between the lung surface, which, as 
has been previously pointed out, was Camaged over many small areas, and the interior of 
the thoracie cage. This curtain of gauze was brought out through the lower part of the 
wound, which was elsewhere closed with through-and-through silkworm gut sutures. 

Despite the fact that the child’s general condition was very grave, he recovered promptly 
from operation and on Oct. 16, 1944, he was discharged, general condition much improved, 
sputum negative, and wound healed except over the lower part where an ulcer about 4 em. 
in diameter remained. Two months later he was readmitted to hospital and the somewhat 
saucer-shaped, granulating, tuberculous surface over the lower part of the wound was excised. 
The skin edges were undereut and the wound partially closed by suture. He was again 
returned home and again readmitted for the excision of a small remaining tuberculous ulcer. 
Complete healing of the chest wall was the result, and he was discharged to the Julius 
Richardson Convalescent Hospital (for children) for the summer. During his stay in the 
country he improved enormously and in October he returned to school. 

He was re-examined April 26, 1946. The chest wall is soundly healed and he has 
again commenced to grow. Examination of the chest shows that aeration of the left lung 
is being accomplished. The accompanying illustrations of x-ray examinations (Fig. 1) in- 
dicate, I believe, the progress of this little fellow’s state over a three-year period. I believe 
that it is reasonable to argue that he has been salvaged not only in so far as life is con- 
cerned, but that it will be possible for him to grow up as a reasonably useful citizen. 


R. MeM. was, therefore, the first case in which decortication of the lung 
for chronie tuberculous empyema was carried out. The indications for attempt- 
ing the procedure we considered sufficient, and happily the result to date seems 
to indicate that decortication for tuberculosis is possible, and that it may be 


satisfactory in so far as, (1) arrest of disease, (2) avoidance of crippling de- 
formity, and (3) at least partial return of pulmonary function, is concerned. 


Not many months after R. MeM. had been operated upon, a young woman, 
who had developed a complete right-sided empyema during the course of treat- 
ment of extensive apical disease by artificial pneumothorax, was brought before 
Conference at the Royal Edward-Laurentian Hospital. Since no bacilli were 
present in the sputum, she was transferred to the Montreal General Hospital and 
decortication was carried out. Her case history follows. 


H. M., 24 years old, was admitted in December, 1941, to the Royal Edward-Laurentian 
Hospital with moderately advanced right-sided apical tuberculosis with cavitation. In January, 
1942, pneumothorax was commenced, and in April, 1942, 2 pneumonolysis (endoscopic) was 
accomplished. The patient’s cough and sputum ceased and tubercle bacilli could not be 
found. 

Pneumothorax was maintained and she was an ambulant patient until December, 1944, 
when she suffered a sudden onset of pain in the right chest and fever. She was admitted 
to another hospital and, under aspiration, thick, purulent material was discovered which 
showed a culture of Staphylococcus aureus. 

In April, 1945, she was again admitted to the Royal Edward-Laurentian Hospital. She 
was running a septic type of temperature and looked extremely ill. She did not suffer from 
cough and expectorated no sputum. Repeated aspirations of the cavity were carried out 
and penicillin was introduced. By May 30 there were no microorganisms in the aspirated 
fluid, as shown by smear. Her fever subsided and her general condition improved. 

On June 14, 1945, she was transferred to my service at the Montreal General Hospital. 
Aspiration and penicillin were continued. Transfusions were administered, and on July 3, 
1945, an intercostal catheter was introduced and underwater negative pressure drainage 
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Fig. 1.—A series of six dated photographs which show progress in the case of R. 
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established. Daily instillations of 100,000 units of penicillin were continued. This form of 
negative pressure draining resulted in but slight change in the size of the cavity. 

On August 1, and again on August 7, thoracotomy was carried out. The sixth, seventh, 
eighth, and ninth ribs, together with the underlying parietal pleura and intercostal bundles, 
were removed in order that a sufficiently large opening in the chest wall might be made so 
that decortication might be attempted. 

On Aug. 31, 1945, decortication of the right lung was carried out. The parietal pleura, 
as previously noted, and as indicated in the x-rays, was found to be nearly 2 em. in thickness. 
The cavity was dry. The removal of the cortical membrane, which was slightly less than 
3 mm. in thickness, was accomplished without any considerable difficulty and with but slight 
damage to the lung surface. The adhesions between the collapsed lung and the mediastinum 
were divided without any great difficulty. The mediastinum had been displaced to such an 
extent that the prominences of the vertebral bodies were in the left half of the chest. In 
other words, the dead space occupied somewhat more than a complete hemithorax. 

Operation was carried out under intratracheal cyclopropane anesthesia and, although an 
effort was made te inflate the lung by increasing the pressure from within, this proved to be 
of little value; the patient was, therefore, permitted to come out of the anesthetic so that 
she might cough. Immediately the lung became downy throughout and completely filled the 
chest. 

It should be noted that over the uppermost part of the cavity no attempt was made 
to remove the membrane, since this had recently been the site of an active tuberculous proc- 
ess; the area left undisturbed, however, was small. A _ self-retaining catheter was inserted 
and negative pressure drainage carried out for two weeks. The wound healed per primam, 
and the young woman’s general condition improved rapidly. She was discharged from the 
hospital November 16 and was last re-examined April 26, at which time she reported that 
she had recently been fitted for her wedding gown. 

On Oct. 10, 1945, there was admitted to my service at the Montreal General Hospital, 
J. Me., 36 years of age. His history indicated that he had suffered from pulmonary tuber- 
culosis since April, 1938. Pneumothorax had been induced and continued until November, 
1944, although fixation of the apex had been present throughout this period. In March, 1945, 
empyema developed which completely filled the left chest and displaced the mediastinum. 
Intercostal drainage had been instituted in June, 1945. 

At the time of admission there was no evidence of parenchymatous disease. He did 
not suffer from cough nor expectoration. There were no tubercle bacilli in either sputum 
or gastrie content. Exudation from the chest cavity showed a mixed infection but no 
tubercle bacilli. 

It was decided to attempt decortication of at least the lower lobe. In order that the 
disease in the upper lobe might not be reactivated if possible, a typical upper-stage extra- 
pleural thoracoplasty was carried out October 18, the upper three ribs being removed in 
toto, together with the transverse processes of the third and second thoracic vertebrae. 
This procedure was carried out under spinal anesthesia. 

On November 12, a first-stage thoracotomy was carried out under cyclopropane anes- 
thesia, portions of the ninth and eighth ribs being removed. Three weeks later second-stage 
thoracotomy was done, and portions of the seventh and sixth ribs were resected, together 
with parietal pleura and intercostal bundles. Following both these procedures the wound 
in the chest wall was left open and filled with gauze, in the first instance impregnated with 
sulfathiazol emulsion, and, in the second, with liquid paraffin and bismuth-iodoform-paraffin 
paste. 

On Jan. 4, 1946, decortication was carried out under cyclopropane anesthesia (intra- 
tracheal). Although the expansion of the lung was less marked than was hoped for, it 
seemed as though obliteration of the pleural space would be obtained. An intercostal 
catheter was introduced for negative pressure drainage; this, however, was removed too soon, 
and a purulent exudate reaccumulated, with the result that collapse of the lung reoccurred. 

Since March 19, three further collapsing procedures upon the chest wall have been car- 
ried out with obliteration of the cavity and apparent cure. These procedures have been 
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Fig. 2.—A series of eight dated photographs which show progress in the case of H. M. 
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of the Schede type and have been characterized by the removal of the lower two-thirds of 
the scapula. The patient’s general condition has remained excellent and at no time has there 
been any anxiety regarding his state. 


This case is included in this report since although the result of decortica- 
tion was disappointing, the procedure has been earried out without any con- 
siderable difficulty and the patient suffered no damage as a result of operation. 
Failure to obliterate the cavity by the reexpanded lung was due, I believe, to 
the fact that the chest wall was allowed to close prematurely and fluid (pus) 
to reaccumulate. In any event, the cavity was reduced to approximately one- 
half its previous size, so that radical thoracoplasty was more effective. 





Fig. 3.—Photograph of H. M. nine months after decortication. 


TECHNIQUE 


Since the author has had an unusual experience in the operation of decortication over 
a period of many years, it seems justifiable to indicate the technique found to be, on the 
one hand, safe, and, on the other hand, relatively satisfactory. It is unnecessary to suggest 
that in view of the fact that many of these cases are exhausted by prolonged suppuration 
and so illustrate the phenomena associated with anemia and hyproproteinemia, adequate 
efforts should be made to overcome this state. The procedures available for this purpose 
will not be referred to in this contribution. 

In view of the fact that one of the common causes of chronic empyema is inadequate 
drainage, this should obviously be provided for, The exhibition of bacteriostatic drugs is, of 
eourse, indicated. 

Since, in all cases of chronic empyema, including those due to tuberculosis, the parietal 
pleura is thickened so that the natural elasticity of the chest wall is lost, and sinee the 
contractile processes in the thickened pleura result in close approximation of even over- 
lapping of the ribs, the usual method of thoracotomy by means of rib spreaders is not ap- 
plicable. In order that removal of the dense, fibrous membrane from the surface of the 
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lung may be earried out without hazard, it is necessary that a sufficiently large window in 

the chest wall be established. Since but few of these cases are good surgical risks, it is 
. . . , 

advisable to make the opening into the chest in stages, two or three as the case may be. An 


adequate window having been thus produced, the patient is prepared for operation, and 
blood in adequate amounts is made available. 

The choice of anesthetic will depend in part upon the custom of both the operator 
and the anesthetist. Since the surface of the chest wall is heavily infected, we have been 
loath to employ spinal anesthesia; we have, therefore, used either intratracheal cyclopropane 
or nitrous oxide-oxygen with or without ether, or local anesthesia. The main reason, perhaps, 
for the employment of intratracheal anesthesia is in order that adequate clearance of the 
bronchial mechanisms may be established, since there is always the risk that blood may 
enter the lung from the eut surface, although this complication has not been observed. 

In the chronie case which has lasted for six to twelve months or longer, it may be 
expected that the parietal pleura will have become thickened to 1.5 em. or more. On the 
other hand, the fibrous tissue membrane covering the lunge in these cases is never more 
than 3 mm. in thickness; consequently, great care must be exercised in the original incision 
of the membrane. 

I have made it a practice to incise longitudinally, that is to say from top to bottom 
of the exposed surface, using practically no pressure other than that of the weight of the 
scalpel. Depending upon the width of the surface which requires decortication, two, three, 
or even four longitudinal incisions of this sort are made. Again depending upon the length 
of the exposed surface, similar incisions are carried across, cutting the original incision at 
right angles. 

Such a method of preliminary incision of the membrane presents the operator with a 
number of right-angled points. These are checked over so that the angle at which the 
parietal pleura is most clearly identified can be used as a guide in determining the exact 
thickness of the membrane. 

By means of blunt dissection, with, from time to time, the employment of a scalpel, 
it is usually not very difficult to remove the membrane in patches such as have been marked 
out. In my experience, it is almost impossible to decorticate in this way the whole exposed 
lung surface without damaging the lung itself at various points. Bubbles of air, therefore, 
are likely to appear and, from time to time, slight bleeding. The bleeding which occurs is 
very rarely in the slightest degree alarming and can be confidently expected to cease with 
hot saline gauze packing for a few minutes. It would seem to be true that such super- 
ficial damage to lung tissue heals rapidly. 

Once the dense, fibrous, tissue membrane has been removed from the surface of the 
lung to the edge of the superficial portion of the latter, it is then necessary to continue the 
dissection between the lung and the parietal surface. This separation is comparable to that 
of dissecting free the lung in performing lobectomy for bronchiectasis, and is consequently 
carried out by means of scissor dissection, both blunt and sharp. This dissection should be 
carried as close to the hilar region as possible if adequate expansion of the lung is to be 
obtained. 

Although it is true that interstitial fibrosis of the pulmonary tissues may occasionally 
oceur, so that expansion of the lung will not take place, this must, IT believe, be unusual. 

In the case of chronic empyema consequent upon tuberculosis of the upper part of the 
upper lobe, it would seem to be a matter of wisdom to avoid extending the decortication 
into the area in which massive tubercle formation is to be expected. It is suggested, there- 
fore, that in such cases collapse of the apical portion of the chest be obtained by means of 
a classical extrapleural thoracoplasty. 

If the operation has been carried out under local anesthesia, it is a simple matter to 
induce the patient to cough; if, however, an inhalation anesthetic has been employed, it is 
necessary and wise to permit the patient to regain consciousness. Almost invariably the 
lung will be seen to expand under the increased pressure of coughing, and, since the neces- 
sary rib resection which has preceded the operation of decortication and the contraction of 
the chest in consequence of the fibrothorax has diminished the capacity of the diseased half 
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of the thorax, as a rule the lung will not only fill the chest cavity but attempt to herniate 
through the opening. 

It is essential, I believe, that the wound of the interior of the chest be absolutely free 
from oozing before the completion of the operation. Rarely are ligatures required for this 
purpose, since packing with hot saline gauze can be expected to arrest practically all bleeding. 

Before closing the chest we have made it a practice to provide for ‘‘curtain drain- 
age’’ over the whole surface of the lung, which, as indicated, is almost certainly the site 
of superficial damage at varying points. For this purpose, two or three thicknesses of soft 
dressing gauze is soaked in liquid paraffin to which a small amount of ‘‘bipp’’ has been 
added, or sulfathiazol emulsion prepared according to our formula is generously applied 
to the surface of the gauze. This apronlike covering of gauze is brought out through the 
lower corner of the wound, which is otherwise closed by means of through-and-through silk- 
worm gut sutures. 

The gauze is removed at the end of the sixth or eighth day. Every attempt is made 
to induce the patient to cough vigorously at short intervals throughout the day. The patient 
is, moreover, urged to yet out of bed as soon as possible and to exercise to the utmost. 

Following the removal of the gauze, the wound is permitted to heal and the chest 
is very carefully watched so as to be certain that fluid does not reaccumulate in any con- 
siderable quantity. In the third of the three cases which constitute the basis for this con- 
tribution, relative failure is believed to be due to oversight in this connection. 

There has recently been published in Paris, by Masson et Cie., a six-volume 
treatise on surgical technique, of which the third volume deals with surgery of 
the thorax. This volume has been written by Dr. Mare Iselin, who is personally 
known to many members of this Association, and who read before the Association 
at the Washington meeting in 1934 a paper on pulmonary abscess prepared by 
Professor Sergent and himself. This volume of Iselin’s constitutes the most 
up-to-date publication on thoracie surgery, and, since Iselin is familiar with 
the literature published in English as well as French, it constitutes a valuable 
contribution. 

The following is the author’s translation of a section devoted by Iselin 
to the subject of decortication. ‘‘Pulmonary decortication, also known as the 
operation of Delorme, has as its aim the removal of the covering which holds 
the lung over the whole of its surface. Once it has been carried out, according 
to the expression used by its author, it permits the lung to herniate comme un 
ballon brusquemont gonfleé. 

‘‘Having satisfactorily exposed the visceral covering at the bottom of the 
pleural cavity, well spread by an automatic rib spreader, the middle of this 
surface is incised; cutting very carefully millimeter by millimeter with the 
sealpel, which cuts more regularly than the eutting current. After having 
traversed the waxlike covering of the thickened pleura, the lung appears easily 
recognized; it then becomes necessary to find the line of cleavage which never 
appears to be absent between the lung and the visceral covering, using a 
spatula or a soft instrument. If this line of cleavage is well established, the 
decortication is easy and not complicated by bleeding. Each of the four leaves 
decided upon is raised with the help of traction (quadrants) and with a spatula 
blunt dissector one uncovers in the depths; the lung is then seen to expand. 
If the operation is carried out under favorable conditions, it is possible thus 
to go to the angles and to liberate them around the periphery. It is clear that 
this is the type of case in which the gonflement brusque described by Delorme 
is obtained. 
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‘‘Unfortunately, this technique in many cases seems to be very theoretical. 
It is probable that usually it is not possible to find the cleavage line, because in 
the descriptions, and in the figures published, the authors recommend not to 
uneover too much, to tamponade the damaged surface of the lung when it 
bleeds, and to know when, in the individual case, not to carry on. Without 
question, for these reasons Duverger has also recommended not to attempt to 
raise the thickened pleura but to be content to incise en herse by a series of 
searifications, going just to the lung, in a manner in which the quarters deter- 
mined meet with one another and permit the expansile tendency of the lung 
to show itself. 

‘‘T must state that all this seems very illusive to me; I once saw a pleural 
decortication a la Delorme by a foreign surgeon who had always been an ardent 
defender of the procedure; but despite great care, and despite attention to the 
minutiae of his operation, after a few minutes he had made a large opening 
in the diaphragm (an opening which was, nevertheless, immediately sutured) 
and later carrying out the decortication, he opened the pericardium; at this time 
he stopped the operation, which up to this moment had not seemed to me very 
valuable.’’ 

‘‘T have examined a certain number of pleural fistulas after extensive 
thoracotomy but I have never felt the least temptation to carry on and incise 
the visceral pleura in order to commence a decortication. Also, I have not been 
able to know the limits of the lung or where the diaphragm or the mediastinal 
structures commence. Finally, there is the last argument against decortica- 
tions: in peacetime surgery one should not forget that one of the great causes 
of pleural fistulas, even after empyema of an apparently harmless variety, is 
underlying tuberculosis; there is the risk, therefore, of decorticating a tuber- 
culous focus, with all the dangers that this represents. ”’ 

This ends Iselin’s comment regarding decortication in chronic eases. It is 
evident, as he himself states, that he has had no experience in performing the 
operation. I do not wish to suggest that the operation is always easy, that 
the results are perfect, or that there is no risk of damage to the victim, on the 
other hand, I believe that opinions such as those expressed by Iselin and others 
have interfered with an extended use of the procedure and that, in consequence, 
its proper evaluation has been deferred. 
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DISCUSSION 


DR. DANIEL A. MULVIHILL, New York, N. Y.—The recently aroused interest in 
the old operation of lung decortication, brought about by the wartime experience with 
fibrosing hemothorax, has naturally turned the thoughts of many of us to its possible 
applicability in the much wider field of pulmonary tuberculosis. 

Dr. Gurd’s cases today have shown us that it is not only desirable but feasible in 
certain types of cases to get a re-expansion of the lung in tuberculosis. 
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The case that I am to present illustrates the application of decortication to another 
tuberculosis problem, that of the nonexpanding lung following long-standing pneumothorax, 
when a new cavitary lesion on the opposite side demands surgical collapse therapy. 


(Slide.) This x-ray represents the problem presented by a 28-year-old married white 
woman on her readmission to Triboro Hospital in September, 1945, with cavitation in the 
right upper lobe. Her original onset of symptoms dated from April, 1944, followed by 
hospital admission in June, 1944, pregnant and with a large, thin-walled cavity in the lefi 


upper lobe. 

Pneumothorax was induced early in July, 1944, and was satisfactory as regards sputum 
conversion, but there were some adhesions, part of which were divided by pneumonolysis in 
September, 1944. Normal delivery took place in October, 1944. In February, 1945, a second 
pneumonolysis resulted in a complete collapse of the upper lobe, and the patient was dis- 
charged from the hospital in April, 1945, continuing pneumothorax refills as an out-patient. 

Following readmission in September, 1945, because of the cavity in the right upper 
lung, refills on the left side were stopped, and attempts were made to induce pneumothorax 
on the right. These were unsuccessful. 

In a period of six mouths of bed rest the left lung failed to expand and_ presented 
the picture shown here when the patient was brought before the surgical conference (during 
the latter part of March, 1946) for thoracoplasty for the right upper lobe lesion. 

The patient was dyspneic on very slight exertion. Her vital capacity was 1,400 ee., 
and bronchospirometric studies showed that the left side was providing only 15 per cent of 
the total functional capacity. Obviously, she was not a suitable risk for the amount of rib 
resection necessary to collapse the cavity in the right upper lobe. 

Decision was made to attempt decortication and re-expansion of the left lung. <A 
preliminary thoracoscopy was done and the pneumothorax space was seen to be lined with 
a pearly white, fibrous envelope. No lung or thoracie landmarks could be distinguished. 
Thoracotomy was then performed with resection of the posterior portion of the fifth rib, 
and the pneumothorax space was entered through its periosteal bed. The space was dry, 
but the pearly surface was slightly moist and firm, grossly not unlike that found in fibrosing 
hemothorax. Incision was made through this fibrous membrane, which was about one-eighth 
inch in thickness, down to the visceral pleura. <A line of cleavage was found between the 
intact and normal appearing visceral pleura and the inner surface of the fibrous plaque. 
This line of cleavage was composed of loose, areolar, slightly vascular adhesions, which could 
be easily separated with gauze dissection or the finger. Near the apex, an area about two 
inches in diameter was encountered where the plaque became intimately adherent to the 
underlying lung. Slight discoloration and a pebbly appearance of the surface in this area 
indicated that there was tuberculous pathology immediately beneath, which would probably 
be entered if dissection were attempted. Separation of the plaque from the lung was 
carried out all around this area as far as the adhesions were loose and easily separated. 
Then the plaque was cut around it, and this fibrosed area was left in place on the surface 
of the upper lobe. The fibrous plaque was then divided all around the periphery at the 
angle of its reflection onto the parietal pleura. It was not deemed necessary to remove the 
parietal element. The lung was then entirely freed from the mediastinum and the diaphragm, 
and the fissure was separated. The lung was expanded by intratracheal positive pressure and 
it filled the entire chest cavity. No. 40 French right-angled drainage tubes were then placed 
thrgugh the third anterior and seventh posterior interspaces, and connected with waterseal 
bottles, Thoracotomy wound was closed in layers with black silk sutures. The lung fully 
expanded and tubes were removed in forty-eight hours. 

Her postoperative course was uneventful. 

(Slide.) This tomograph was taken the day before operation, showing the extent of 
expansion of the left lung that could be obteined after six months of bed rest. 

(Slide.) This is the fibrous plaque removed at operation. This surface is the surface 
facing the pneumothorax cavity. 
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(Slide.) This is the surface that adhered to the lung, showing the loose layers in 
which the dissection can be carried out. The notch on this side indicates where the plaque 
was so adherent to the lung that it was cut around and left in place. 

(Slide.) This shows the microscopic appearance showing the fibrous nature of the 
plaque. You will note that there is no evidence of infection and that there are no tubercles 
visualized. That was true in many other slides made from this material. 

(Slide.) This x-ray shows the re-expansion obtained postoperatively. As I said, the 
patient’s postoperative course was uneventful. The operation was performed about six 
weeks ago. She is now able to walk and exercise without dyspnea, her vital capacity has 


go ahead with thoracoplasty 


increased from 1,400 ¢.e. to 1,900 ¢.c. and we now feel we can ¢ 


on the right side. 

I would like to emphasize that the limitations of this operation, whether it is done 
for tuberculosis or any other reason, probably depend on whether the pathology is in the 
visceral pleura itself, or, as in this case, is a fibrotic sheet superimposed on an essentially 
normal and intact visceral pleura. 


DR. E. J. O’BRIEN, Detroit, Mich—Two months ago Dr. Gurd and I were in Boston, 
and I was very enthusiastic about the work of the young men who were just returning with 
news of what I thought was one of the best contributions that had come from the war, 
decortication. Many years ago, those of us interested in thoracic surgery who tried it quite 
extensively on old chronic empyemas had mostly given it up. Dr. Gurd said that he had 
been doing it all these years and had always obtained very good results. Therefore, I asked 
him to show us the results which he had obtained; he has limited his paper to tubereulous 
empyema, so I have not been convinced. 

With the new and recent stimulus, we have tried again quite extensively to see what 
its limitations were. The procedure has been quite effectual in most of the early tuberculous 
and other empyemas. It is a great help in upper lobe cavities that have been held down 
with pneumothorax for a long time when we wish to discontinue the pneumothorax. One 
can frequently deeorticate and re-expand the lower lobe and have the upper one stay down. 
This is especially desired if there has been an extensive disease in the upper lobe. Decortiea- 
tion of lungs to re-expand them when extensive tuberculous disease has been present is a 
hazardous procedure. We have again tried it in the much older and more chronie empyemas, 
where my previous experience has been disappointing, and we are running into the difficulties 
I ran into many years ago. We are getting a lot of bubbles from the lung and it often 
does not re-expand. I have had one patient who died, 

As Dr. Gurd said, you can tear into the lung, and I did. 

I think you can expect results in direct proportion to how far the infection and 
cicatricial tissue has invaded the interstitial tissue. 

In the early cases, such as have been reported from the war, when the so-called 
pleura is removed, you have a nice shiny, glistening pleura, but in the old chronic cases that is 
not the case as a rule. 

IT am in favor, of course, of trying decortication on all of these patients, and [ hope 


we are going to get better results than we have in some of those we have attempte.l. 


wouldn’t say that in tuberculous empyema six months should be called very chronic, 
because there are so many patients that have been badly treated with pneumothorax and have 
gone for years with aspiration. Many of these patients should not be decorticated because 
of previously existing extensive tuberculous disease. I would like to think that we can 
get lungs re-expanded in very old chronic empyemas in a good percentage of patients, but 
I am dubious. 

When the doctors came home and showed us all the work they had done, I thought I 
had been making a mistake all these years, but I am not yet convinced. We are going to 
try it faithfully but there must be limitations. 

I want to warn you that we already are running into some trouble in old chronic 
empyemas. I believe they will not turn out as did the earlier cases that were shown by 
the boys who came back. 
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The case that I am to present illustrates the application of decortication to another 
tuberculosis problem, that of the nonexpanding lung following long-standing pneumothorax, 
when a new cavitary lesion on the opposite side demands surgical collapse therapy. 


(Slide.) This x-ray represents the problem presented by a 28-year-old married white 
woman on her readmission to Triboro Hospital in September, 1945, with cavitation in the 
right upper lobe. Her original onset of symptoms dated from April, 1944, followed by 
hospital admission in June, 1944, pregnant and with a large, thin-walled cavity in the lefi 


upper lobe. 

Pneumothorax was induced early in July, 1944, and was satisfactory as regards sputum 
conversion, but there were some adhesions, part of which were divided by pneumonolysis in 
September, 1944. Normal delivery took place in October, 1944. In February, 1945, a second 
pneumonolysis resulted in a complete collapse of the upper lobe, and the patient was dis- 
charged from the hospital in April, 1945, continuing pneumothorax refills as an out-patient. 

Following readmission in September, 1945, because of the cavity in the right upper 
lung, refills on the left side were stopped, and attempts were made to induce pneumothorax 
on the right. These were unsuccessful. 

In a period of six months of bed rest the left lung failed to expand and_ presented 
the picture shown here when the patient was brought before the surgical conference (during 
the latter part of March, 1946) for thoracoplasty for the right upper lobe lesion. 

The patient was dyspneic on very slight exertion. Her vital capacity was 1,400 e@e., 
and bronchospirometric studies showed that the left side was providing only 15 per cent of 
the total functional capacity. Obviously, she was not a suitable risk for the amount of rib 
resection necessary to collapse the cavity in the right upper lobe. 

Decision was made to attempt decortication and re-expansion of the left lung. <A 
preliminary thoracoscopy was done and the pneumothorax space was seen to be lined with 
a pearly white, fibrous envelope. No lung or thoracic landmarks could be distinguished. 
Thoracotomy was then performed with resection of the posterior portion of the fifth rib, 
and the pneumothorax space was entered through its periosteal bed. The space was dry, 
but the pearly surface was slightly moist and firm, grossly not unlike that found in fibrosing 
hemothorax. Incision was made through this fibrous membrane, which was about one-eighth 
inch in thickness, down to the visceral pleura. <A line of cleavage was found between the 
intact and normal appearing visceral pleura and the inner surface of the fibrous plaque. 
This line of cleavage was composed of loose, areolar, slightly vascular adhesions, which could 
be easily separated with gauze dissection or the finger. Near the apex, an area about two 
inches in diameter was encountered where the plaque became intimately adherent to the 
underlying lung. Slight discoloration and a pebbly appearance of the surface in this area 
indicated that there was tuberculous pathology immediately beneath, which would probably 
be entered if dissection were attempted. Separation of the plaque from the lung was 
earried out all around this area as far as tle adhesions were loose and easily separated. 
Then the plaque was cut around it, and this fibrosed area was left in place on the surface 
of the upper lobe. The fibrous plaque was then divided all around the periphery at the 
angle of its reflection onto the parietal pleura. It was not deemed necessary to remove the 
parietal element. The lung was then entirely freed from the mediastinum and the diaphragm, 
and the fissure was separated. The lung was expanded by intratracheal positive pressure and 
it filled the entire chest cavity. No. 40 French right-angled drainage tubes were then placed 
through the third anterior and seventh posterior interspaces, and connected with waterseal 
bottles. Thoracotomy wound was closed in layers with black silk sutures. The lung fully 
expanded and tubes were remove in forty-eight hours, 

Her postoperative course was uneventful. 

(Slide.) This tomograph was taken the day before operation, showing the extent of 
expansion of the left lung that could be obtained after six months of bed rest. 

(Slide.) This is the fibrous plaque removed at operation. This surface is the surface 
facing the pneumothorax cavity. 
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(Slide.) This is the surface that adhered to the lung, showing the loose layers in 
which the dissection can be carried out. The notch on this side indicates where the plaque 
was so adherent to the lung that it was cut around and left in place. 

(Slide.) This shows the microscopic appearance showing the fibrous nature of the 
plaque. You will note that there is no evidence of infection and that there are no tubercles 
visualized. That was true in many other slides made from this material. 

(Slide.) This x-ray shows the re-expansion obtained postoperatively. As I said, the 
patient’s postoperative course was uneventful. The operation was performed about six 
weeks ago. She is now able to walk and exercise without dyspnea, her vital capacity has 
increased from 1,400 ¢.e. to 1,900 ¢.c. and we now feel we can go ahead with thoracoplasty 
on the right side. 

I would like to emphasize that the limitations of this operation, whether it is done 
for tuberculosis or any other reason, probably depend on whether the pathology is in the 
visceral pleura itself, or, as in this case, is a fibrotic sheet superimposed on an essentially 
normal and intact visceral pleura. 


DR. E. J. O’BRIEN, Detroit, Mich.—Two months ago Dr. Gurd and I were in Boston, 
and I was very enthusiastie about the work of the young men who were just returning with 
news of what I thought was one of the best contributions that had come from the war, 
decortication. Many years ago, those of us interested in thoracic surgery who tried it quite 
extensively on old chronie empyemas had mostly given it up. Dr. Gurd said that he had 
been doing it all these years and had always obtained very good results. Therefore, I asked 
him to show us the results which he had obtained; he has limited his paper to tubereulous 
empyema, so I have not been convinced. 

With the new and recent stimulus, we have tried again quite extensively to see what 
its limitations were. The procedure has been quite effectual in most of the early tuberculous 
and other empyemas. It is a great help in upper lobe cavities that have been held down 
with pneumothorax for a long time when we wish to discontinue the pneumothorax. One 
can frequently decorticate and re-expand the lower lobe and have the upper one stay down. 
This is especially desired if there has been an extensive disease in the upper lobe. Decortica- 
tion of lungs to re-expand them when extensive tuberculous disease has been present is a 
hazardous procedure. We have again tried it in the much older and more chronic empyemas, 


where my previous experience has been disappointing, and we are running into the difficulties 


I ran into many years ago. We are getting a lot of bubbles from the lung and it often 
does not re-expand. I have had one patient who died. 

As Dr. Gurd said, you can tear into the lung, and I did. 

I think you can expect results in direct proportion to how far the infection and 
cicatricial tissue has invaded the interstitial tissue. 

In the early cases, such as have been reported from the war, when the so-called 
pleura is removed, you have a nice shiny, glistening pleura, but in the old chronic cases that is 
not the case as a rule. 

I am in favor, of course, of trying decortication on all of these patients, and [ hope 
we are going to get better results than we have in some of those we have attempte.l. 

wouldn’t say that in tuberculous empyema six months should be called very chronic, 
because there are so many patients that have been badly treated with pneumothorax and have 
gone for years with aspiration. Many of these patients should not be decorticated because 
of previously existing extensive tuberculous disease. I would like to think that we can 
get lungs re-expanded in very old chronic empyemas in a good percentage of patients, but 
I am dubious. 

When the doctors came home and showed us all the work they had done, I thought I 
had been making a mistake all these years, but I am not yet convinced. We are going to 
try it faithfully but there must be limitations. 

I want to warn you that we already are running into some trouble in old chronic 
empyemas. I believe they will not turn out as did the earlier cases that were shown by 
the boys who came back. 
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DR. CARL EGGERS, New York, N. Y.—Dr. Gurd stated that the first cases of tuber- 
culous empyema which he treated by means of decortication were among the residue of 
chronic empyema patients resulting from the first world war. 

We, here in the U. S. A., had a similar experience. A large series of chronic empyema 
patients were subjected to critical analysis in order to find the reason for nonhealing, 
whether it be imperfect drainage, secondary pockets, bronchial fistula, foreign body, or some 
other cause. Among these other causes, unrecognized tuberculosis, either apparently limited 
to the pleura, or associated with parenchymal disease on the same or opposite side, was 
occasionally found to be the responsible factor. 

In the Annals of Surgery for March, 1923, pages 327 to 353 and 375 to 378, we re- 
ported the results obtained in 146 patients with chronic empyema treated radically by means 
of decortication of the lung. Among these were eleven patients in which positive evidence 
of tuberculosis was obtained after radical operation. Of these eleven, three healed, one 
healed and died one year later, three did not heal and later died, and four were lost from 
follow-up. 

The impression we gained from these cases prompted us to apply the same procedure in 
six cases of chronic empyema which we were able to prove to be of tuberculous origin, prior 
to the radical operation. Three of these healed and were apparently also cured of their 
intrapulmonary focus, two continued to drain, and one was lost from follow-up. 

The following is a typical illustrative case: A woman of 24 was admitted with chronic 
empyema of nine months’ duration, the result of an intrapulmonary complication following 
childbirth. Our examination disclosed the following facts: There was no temperature or 
increased pulse, no cough or expectoration; discharge showed streptococci and tubercle 
bacilli, skin reaction was positive for tuberculosis, biopsy of sinus showed tuberculosis, a 
tuberculous focus was noted in the apex of the opposite lung, and injection of the cavity 
showed it to extend from the ninth to the fifth rib. After preliminary Dakin-Carrel treat- 
ment, a typical radical procedure was carried out in two stages. The object was to mo- 
bilize the chest wall, to mobilize the lung, and to remove all diseased tissue. To do this, 
small pieces of seven ribs were resected and the parietal pleura and the angle of reflection 
onto the lung removed in order to mobilize the lung. An incomplete decortication was done 
for fear of entering an intrapulmonary focus, and no attempt was made to inflate the lung. 
Convalescence was uneventful. The wound healed and the patient is known to have been 
entirely well twenty years later. 

An interesting point connected with this case is that the boy who was born when 
the mother contracted her disease developed tuberculosis of the spine for which a fusion 
was done with a perfect result. 

It is my feeling that although we speak of and perform a radical operation with 
decortication in these cases, we should compromise somewhat. Rather than do a complete 
decortication and forcible expansion of the lung, which may cause lighting up of the disease 
or perforation of a subpleural tuberculous focus, it is better to be satisfied with mobilization 
of the chest wall and lung as well as a thorough removal of all diseased tissue. 

I have been sufficiently impressed with the value of the operation in these cases to 
continue to advise it in the occasional patient that comes“under observation. 

When it comes to applying the principle of decortication to typical pulmonary tubercu- 
losis associated with a draining empyema of tuberculous or mixed infection, I would like 
to sound a note of warning. The prognosis depends chiefly on the extent and severity of 
the underlying intrapulmonary disease, and is frequently hopeless. Only if it is felt that 
the parenchymal disease is under control and the draining empyema is the chief lesion, 
operation is indicated, but should not consist of decortication, but of mobilization of the 
chest wall by the resection of short pieces of ribs overlying the cavity and complete un- 
roofing of the cavity with excision of the angle of reflection onto the lung. One has to 
depend here not on reexpansion of the diseased lung, but on sterilization and mobilization 
of the chest wall in order to bring about healing. 

There is a third group of patients which deserve consideration, namely, patients with 
tuberculosis of the upper lobe who have been on prolonged pneumothorax treatment, but with 
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an unsatisfactory result. Surgeons are frequently called upon to see such patients. The 
lower uninvolved lobe is beautifully collapsed, has become fixed in that position, and is 
permanently out of function, while the upper diseased lobe has not collapsed because of 
fixation to the chest wall. Evidently the pneumothorax treatment has been continued beyond 
the time that seems justified. An extrapleural thorocoplasty will take care of the disease in 
the upper lobe, but what to do with the lower lobe which should never have been collapsed, 
or rather, which should not have been allowed to remain collapsed so long, is a problem. 
Sometimes gradual re-expansion will take place, but if it remains collapsed it constitutes 
a problem for the younger men of our association to solve. Perhaps a decortication limited 
to the lower lobe will prove feasible and practical, and not associated with too much risk. 
To apply the general principle of decortication to pulmonary tuberculosis without careful 
consideration and the cooperation of internists would be a mistake. 


DR. RICHARD H. MEADE, JR., Chicago, Ill—It is extremely important that this 
subject has been brought up for discussion. Dr. Eggers has covered all of the points I 
was going to ask that he cover, except for one : mall technical point. 

When Dr. Eggers presented his paper in 1920, which later was published, I read it 
with a great deal of interest, and some years after that had oecasion to apply his proce- 
dure in a patient that IT thought had a nontubereculous empyema. Everything went beauti- 
fully and the patient recovered quickly, but unfortunately returned with widespread tuber- 
eulosis and died. 

The next patient with unrecognized tuberculous empyema on whom I did a decortica- 
tion (during the war) also died with widespread tuberculosis. 

I think that if one ean be sure in which eases the decortication can be done without 
that great danger, it can be applied quite widely. 

There is only one very minor technical point that I think is worth mentioning, because 
it has been brought up a number of times, and that is, everyone has spoken of the neces- 
sity of resecting a number of ribs in these cases in order to get adequate exposure. If one 
will simply strip off the greatly thickened layer over the parietal pleura when the first 
incision is made, over a space of several ribs, one can get adequate exposure without resect- 
ing large segments. 

I believe that the use of adequate drainage, as has been shown frequently in chronie 
empyemas of nontuberculous nature, and also in the chronic pneumothorax cases, is of great 
help in bringing about complete and rapid reexpansion. 

I believe, however, the most important question is, in which eases of tuberculous 
empyema can one carry out this procedure without the danger of stimulating spread of the 
disease. 


DR. FRASER B. GURD, Montreal, Que.—It was naturally impossible in the time at my 
disposal for me to go into the pathology of tuberculosis or into the life history of the tuber- 
culous. In my original correspondence with the Secretary, I pointed out that there were but 
three cases but that, if it were deemed advisable by the Programme Committee to have this 
subject presented for discussion, I should be glad to do so. 

I should like to thank those who have taken part in the discussion. 








CAVERNOSTOMY 


E. J. O’Brien, M.D., P. V. O’Rourke, M.D., AND (BY INVITATION) 
F.C. Test, M.D., anp E. F. Skinner, M.D. 
Detroit, Micu. 


DEQUATE treatment for the greater number of patients with pulmonary 
tuberculosis can be provided by bed rest in combination with a few well- 
standardized procedures such as pneumothorax and supplemental pneumo- 
nolysis, phrenic surgery, and thoracoplasty. A considerable group of patients 
remains, nevertheless, for whom standard collapse therapy is either unsuccess- 
ful or inapplicable. 

The literature of the past two decades contains many references to the 
management of cavernous tuberculosis in patients with giant cavity or tension 
‘avity; with bilateral cavities or lower lobe cavity; with residual cavity after 
collapse therapy ; or with dyspnea or advanced age as a barrier to routine man- 
agement. Various new methods have been suggested to deal with some of these 
circumstances. Along with procedures sueh as extrapleural pneumothorax, 
paraffin plombage, apicolysis of Semb, Monaldi endoeavitary aspiration, and, 
most recently, pulmonary resection, surgeons are finding a place for open 
surgical drainage of the tuberculous cavity, or cavernostomy. 

The present report is based on eighty-four cavernostomy operations* per- 
formed at the Herman Kiefer Hospital, and at three near-by tuberculosis sana- 
toriums. Seventy-four patients were operated upon. One had bilateral opera- 
tions and several others had secondary drainage at the same site. Up to the 
present time, we have used cavernostomy chiefly as a salvage measure when 
other procedures were contraindicated or had failed. For a few patients, it was 
used electively. 

HISTORICAL BACKGROUND 


The surgical drainage of tuberculous pulmonary cavities is not new. It is 
probably very old. In an interesting historical survey of the procedure, Vine- 
berg and Kunstler?? suggest that Hippocrates may have described this pro- 
cedure, though his writings perhaps refer to the open drainage of an empyema 
necessitatis, These authors also point out that Baglivi? in the late seventeenth 
century held the opinion that the opening of cavities leads to cicatrization. The 
undeveloped state of pathologic anatomy at that time suggests that the lesions 
treated may have been pulmonary abscesses or loculated empyemas. — 

In the eighteenth century a Dr. Barry* of Dublin wrote of the beneficial 
effects from surgical puncture of tuberculous cavities in several patients. Re- 
ports of cases at this time are more likely to be authentic, since both surgical 
knowledge and recognition of morbid anatomy were more advanced. The 

From the Department of Surgery, Wayne University School of Medicine, and the Division 
of Thoracic Surgery, Herman Kiefer Hospital, Detroit. 

Read at the Twenty-Sixth Annual Meeting of The American Association for Thoracic 
Surgery, Detroit, Mich., May 29, 30, and 31, 1946. 

*A number of the operations in this series were done by W. M. Tuttle, M.D., and J. C. 
Day, M.D., before their entry into the armed forces. 
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English surgeon Sharpe,'® writing at nearly the same period, undoubtedly re- 
ferred to drainage of intrapulmonary lesions and knew the importance of 
pleural adhesions in reducing the difficulties which followed surgical drainage 
across a free pleural space. 

According to Elliott,’ Sir Henry Marsh of Dublin may have drained 
tuberculous cavities in two patients upon whom he operated about 1830. Re- 
covery followed in one of these. Hastings* with the help of a surgeon, Mr. 
Stokes, opened one tuberculous cavity in 1844 and later performed a second 
similar operation. The wounds, first packed with lint or gauze, were later 
drained by a rubber tube. Hastings reported considerable improvement in these 
two instances and also after a third similar operation by Mr. Thomas, a surgeon 
of Wales. He pointed out, however, that the procedure should be limited to 
the occasional patient with a large, solitary cavity and a relatively sound con- 
tralateral lung. 

In 1885, De Cerenville expressed the belief, according to Vineberg and 
Kunstler,” that cavity drainage would prove to be a useful operation. These 
authors also cite Sauerbruch and other continental surgeons as holding a simi- 
lar opinion. The rapid development of surgical technique and surgical ex- 
perience in the latter years of the nineteenth century soon made it obvious that 
drainage of tuberculous abscesses in any part of the body left chronically drain- 
ing wounds and yielded disappointing results. Pulmonary cavities have been 
opened deliberately or inadvertently numerous times in the early period of 
modern thoracic surgery. The attendant disadvantages and complications 
made avoidance of the procedure almost axiomatic, and the development of 
collapse therapy demonstrated the relative superiority of extrapulmonary tho- 
‘aciec operations over intrapulmonary drainage. 

In the early twentieth century, cavity drainage was so little used that 
Gekler and his associates,'' who, in 1924, tried cavernostomy tentatively on three 
very ill patients, noted with surprise the favorable effect and attributed it 
largely to the ‘‘sterilizing’’ influence of coal-tar dyes which they used by local 
application. They reported progressive reduction in the size of the cavity and 
early appearance of granulation tissue in the cavity and surgical wound, with 
general improvement in each patient. 

Lilienthal,'® in 1927, reported open drainage of a large blocked eavity re- 
maining after thoracoplasty. The patient’s condition improved, the cavity be- 
came indefinite, and the wound presumably healed. Two years later this author 
stated'* that the patient was further improved though the wound reopened. 
He also cited two additional cases of post-thoracoplasty cavity subjected to 
open drainage. Sputum examinations are not reported in one, but the wound 
almost closed, leaving a small sinus. In the other, the cavity was opened into 
a residual empyema and sputum examinations became negative while healing 
progressed considerably with only two small fistulas remaining. 

Nissen,'* in 1931, gave a short report of one patient on whom cavernostomy 
was followed by transplantation of a pedicled graft into the cavity. The cavity 
appeared closed and the postoperative photograph shows firm healing of the 
wound. “ 
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A deseription of the flap-valve mechanism of blocked cavity was given in a 
study of pathologie specimens by Hall’? as early as 1922, but only in the decade 
just past have we reached a real understanding of the effect of the efferent 
bronchus in the closure of cavities by collapse therapy. The work of Coryllos® 
in 1936 on the mechanics of tuberculous cavities was outstanding. He came to 
believe all rapid changes in the size of cavities and their healing or resistance to 
closure, were due to the state of the bronchial outlets. Coryllos and Ornstein® 
made detailed studies of cavities in the living by endoseopie examination, and 
concluded that healing would follow complete bronchial occlusion, which they 
attempted to produce. 

Eloesser® and others likewise recognized the role of a valvular bronehus in 
tension cavities, but disagreed as to the value of closing the bronchial outlet. 
The point was generally established, however, that a relation exists between the 
state of the efferent bronchus and the response of a cavity to collapse therapy. 
A rational basis was thus provided for an intrapulmonary attack on certain 
cavities which resisted closure by collapse therapy. 

In 1937, Eloesser® reported the performance of cavernostomy for tension 
cavity in two patients. Open drainage in his first patient was done after 
thoracoplasty. At the time of his report there was clinical improvement but 
the cavity was open and sputum was positive. In the next instance cavernos- 
tomy was used for bronchopleural fistula after paraffin plombage. The wound 
and cavity were opened and packed with gauze, and later healed although the 
patient retained a productive cough. Postoperative sputum examinations are 
not mentioned. 

Coryllos and Ornstein® drained twelve cavities which remained open after 
thoracoplasty, and performed early closure with a pedicled muscle graft. The 
sputum became negative for tubercle bacilli in five, one of whom died later of 
pneumonia. Three other patients also died. Their report makes no mention of 
the postoperative x-ray appearance and ultimate cavity closure in the series. 

Neuhof!® used free grafts of fat to close pulmonary cavities in a group 
of patients of whom only two were tuberculous. In one of the latter, a cavity 
persisted after thoracoplasty, and was opened and packed with loose fragments 
of fat. The wound healed satisfactorily and sputum examinations became neg- 
ative. In the second tuberculous patient, the grafts were infected and ex- 
pelled. The final result is not mentioned. 

Brunn and his associates,* in 1941, reported one open drainage of a residual 
cavity after thor:coplasty. A skin flap was sutured to the pleura and the wound 
later healed. The result was considered successful. Eloesser,!® about the same 
time, described two cases of cavity which failed to respond to the Monaldi pro- 
cedure of cavity aspiration. Open drainage was done with the creation of a 
skin flap, and the wounds healed, leaving a bronchial fistula. He does not men- 
tion sputum conversion nor final complete healing. 

Steele?’ mentioned one patient who had drainage of a cavity not closed by 
an eight-rib thoracoplasty. At the time of his report, the cavity and wound 
appeared healed but sputum examinations were not mentioned. Davis’ reported 
that his patient, after a similar procedure, had negative sputum with a partly 
healed wound four months after operation. 
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Rogers, Shipman, and Daniels'* performed flap drainage of a cavity on nine 
patients after thoracoplasty, with no deaths. Five of these had healed wounds 
and negative sputum, and another had negative sputum less than six months 
after operation. Randolph’ has recently reported cavernostomies on two pa- 
tients after unsuccessful attempts at extrapleural pneumothorax. In one the 
sputum became negative and the cavity appeared closed. The state of wound 
healing is not mentioned. In the other the cavity appeared to close following 
open drainage. No mention is made of sputum examinations or wound healing. 

The reports of these surgeons, and other passing references such as that 
of Alexander,’ indicate that open surgical drainage of cavities is being done 
more frequently now than in former years. The indications for cavernostomy, 
however, are not yet well defined. The discussion of our cases may show what 
can be expected of the operation in the field of tuberculosis surgery. 


INDICATIONS FOR CAVERNOSTOMY 
The patients we selected for this procedure were drawn mainly from three 
well-defined groups; a few miscellaneous patients make up a fourth group. 
The classification is shown in Table I. The most common indication for 
cavernostomy was an inadequate cardiorespiratory reserve which precluded 
other forms of surgery. This condition was present in the forty-three patients 
of Group I. In twenty-six, slight or moderate dyspnea was present at bed rest. 
In the other seventeen individuals, respiratory deficiency was established as 
present by tests of exercise, by differential bronchospirometry, or by previous 
attempts at collapse therapy. All but one of these forty-three patients had pre- 
existing tuberculosis in the contralateral lung, and thirty-one (72 per cent) had 
previous contralateral collapse therapy, with resulting impairment of pulmonary 
function. Such measures are listed in Table II and include, in the order of 
relative frequency, unexpanded or re-expanded pneumothorax with thickened 
pleura and encased lung; permanent or residual phrenic paralysis; uneompli- 
cated pneumothorax; and thoracoplasty. Of the other twelve patients (28 per 
cent) eleven had extensive contralateral productive lesions, fibrosis, or emphy- 
sema, and each was slightly dyspneic. The last patient appeared to have one 
lung clear, but had auricular fibrillation and was dyspneie at bed rest. 
Three-fourths (74 per cent) of those in Group I also had previous inef- 
fective attempts at collapse therapy on the side of cavernostomy, as shown in 
Table III. Twenty-nine (67 per cent) received an initial trial of pneumo- 
thorax; fourteen of these were given pneumothorax alone; ten, a combination 











TABLE I 
GROUP | INDICATION FOR CAVERNOSTOMY | NO. PATIENTS | PER CENT 
I Inadequate cardiorespiratory reserve 
A. Noticeable dyspnea 26 35 
B. No dyspnea but impairment of 17 23 
contralateral lung — — 
Total 43 58 
II Residual cavity after thoracoplasty 13 18 
IIT Lower lobe cavity 8 11 
IV Other conditions 10 13 





Total, all cases 74 100 
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TABLE IT. CoLLAPSE THERAPY OF CONTRALATERAL LUNG PRIOR TO CAVERNOSTOMY (PATIENTS 
Witt Low CARDIORESPIRATORY RESERVE) 














PROCEDURE ] NO. PATIENTS 
Pneumothorax, with thick pleura and encased lung 5) 
Pneumothorax, re-expanded, with thick pleura and 9 
encased lung 
Pneumothorax, uncomplicated 6 
Phrenic paralysis, permanent or persistent, after crush- 9 
ing of nerve 
Thoracoplasty 2 
None (extensive pulmonary emphysema or fibrosis) 11 
None (lung clear but patient dyspneic) l 
Total 43 





of pneumothorax and phrenie paralysis; and five, phrenie surgery alone after 
initial pneumothorax failed to demonstrate a free pleural space. Three ad- 
ditional patients (7 per cent) had a partial, inadequate thoracoplasty inter- 
rupted because of dyspnea. Two (4 per cent) had previous pneumoperitoneum. 
The remaining nine (22 per cent) had no previous attempt at pneumothorax on 
the side of cavernostomy either because of dyspnea or because of the large size of 
the cavity. In our experience, pneumothorax collapse for giant cavity has been 
followed by serious complications in from one-half to three-fourths of the pa- 
tients. 


TABLE IIT. CoLLAPSE THERAPY OF IPSILATERAL LUNG PRIOR TO CAVERNOSTOMY (PATIENTS 
Witit Low CARDIORESPIRATORY RESERVE) 




















PROCEDURE | NO. PATIENTS 
Pneumothorax, re-expanded 14 
Phrenic paralysis after unsuccessful pneumothorax 5) 
Pneumothorax plus phrenic paralysis 10 
-artial thoracoplasty (incomplete because of dyspnea) 3 
Pneumoperitoneum 2 
No collapse therapy 9 
Total 43 





These members of Group I, then, had visible or latent dyspnea. They had 
rather long-standing bilateral tuberculosis, and ample but unsuccessful pre- 
vious treatment. No additional measures of collapse therapy seemed applicable, 
and the prognosis was uniformly poor. 

Group II comprises thirteen patients with residual cavity beneath a 
thoracoplasty (Table I). Nine of these (69 per cent) had had one or more re- 
vision thoracoplasty operations and were thought to have maximum surgical 
collapse. Three (23 per cent) showed globular cavities up to 8 em. in size after 
a three-stage thoracoplasty with removal of seven ribs. One (18 per cent) had 
a large tension cavity beneath a partial thoracoplasty, after removal of five 
ribs. None of these patients had dyspnea at rest. Three had definite exertional 
dyspnea, but had undergone the previous surgery without difficulty. 

Nine members of this group could be considered as affording a tolerable 
risk for any major surgery. The three with exertional dyspnea, and one other 
with active exudative lesions about the tension cavity, appeared to offer a poor 
risk for drastic surgical intervention. 
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Eight patients in Group III each had a large cavity in a lower lobe, with 
adequate respiratory reserve and a clear or nearly clear contralateral lung 
(Table I). All of these patients had a previous trial of pneumothorax or 
phrenic paralysis or both. One young diabetic male developed the lower lobe 
cavity three years after a seven-rib thoracoplasty which had closed an apical 
cavity on the same side. One man aged 67 years, was thought to be a poor risk 
for more radical surgery. The other seven were in satisfactory general con- 
dition for any surgical procedure. 

In two of the ten miscellaneous patients in Group IV (Table I), the 
residual bronchocutaneous sinus after a Monaldi operation was converted to 
open cavernostomy for the control of persistent bleeding from the chest wall and 
‘avity. Both of these men also had active tuberculosis and cavities in the op- 
posite lung. In two patients with huge apical cavity, Monaldi intercostal drain- 
age was done after an anterior thoracoplasty and was followed by posterior 
thoracoplasty without cavity closure. The residual cavity and sinus were con- 
verted to open drainage. Cavernostomy was used in one instance of large bi- 
lateral apical cavities with the expectation of later performing thoracoplasty on 
the other side. For three elderly men with huge cavity and intractable cough, 
cavernostomy was done as a palliative measure. One young man had an un- 
healed posterior wound and bronchocutaneous fistula following an infected 
three-rib thoracoplasty, and an infected anterior chest wall adjacent to a 
Monaldi eatheter drainage (both performed elsewhere), with a large residual 
cavity. This was subjected to open drainage to divert the stream of infective 
material from the previous wounds. One child of eight years with dense 
exudative tuberculosis of one lune surrounding a 4 em. lower lobe eavity, and 
with ulcerative tuberculous enteritis, was chosen for cavernostomy after pneu- 
mothorax was attempted without success. 

The members of Group IV all had active seattered or dense exudative le- 
sions in one or both lungs at the time of operation. It seemed clear that these 
patients, like those in Group I, had an apparently hopeless prognosis under the 
usual methods of management. 

The seventy-four patients discussed here all had advanced tubereulosis. 
In five the disease was moderately advanced; in sixty-nine, far advaneed. Only 
five had bilateral open cavities at the time of the cavernostomy operation. None 
had more than one eavity in the lung operated upon (though one later developed 
a second cavity in the same lung). Of the total number, sixteen (21 per cent) 
were in favorable condition for major surgery, although all of them had under- 
gone an adequate trial of collapse therapy without benefit. The remaining 
fifty-eight (79 per cent) are shown to have been unfit for any surgery which 
might decrease the cardiorespiratory reserve. They had been given an unfavor- 
able prognosis. , 
SURGICAL TECHNIQUE 

Anesthesia.—The anesthesia used was either local infiltration or general anesthesia by 
nitrous oxide and oxygen. The choice between these was dependent upon the condition of 
the patient and the preference of the individual surgeon. 
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TABLE ITV. OPERATIVE PROCEDURES 























NO. 
PROCEDURE REASON OPERATIONS PER CENT 
Single stage No free pleural space 44 53 
Multiple stages Free pleural space over cavity 17 
Inadequate localization of cavity 8 
Dense plate of bone over cavity 1 
Preliminary packing of wound to avoid in- 
fection of chest wall a 
Total 27 32 
Secondary drainage Wound partly healed. Cavity open I 
Cavity reopened under healed wound 4 
Cavity reopened after plastic closure of 2 
wound — 
Total 7 8 
Incomplete operation First stage followed by pleural effusion and 2 
cavity closure 
Small cavity not located 2 
Secondary drainage attempted. Small re- 1 
sidual cavity not located 
Fatal air embolus after first stage opera- I 
tion cue 
Total 6 i 
Total 84 100 





Location of Incision.—An attempt was always made to approach the cavity at the point 
nearest the chest wall. In the eighty-four operations, a lateral approach was used six times; 
an anterior approach, ten times; a posterior, sixty-eight times. The incision was straight 
or slightly curved. Creation of a plastie skin flap of the Eloesser type was not done. The 
location of the cavity in these operations was as follows: right upper lobe, 38 per cent; 
left upper lobe, 32 per cent; total, upper lobes, 70 per cent; right lower lobe, 21 per cent; 
left lower lobe, 9 per cent; total, lower lobes, 30 per cent. 

Rib Removal.—The length and number of ribs removed was usually merely enough 
to unroof the area of the subjacent cavity. This was most often a 4 to 6 em, length of one 
or two ribs. In several operations for lower lobe cavity on ‘‘good-risk’’ patients, longer 
lengths of three ribs were deliberately removed to allow more relaxation of the area of pul- 
monary disease. 

Opening of Cavity——When «a partially free pleural space was present, the wound was 
packed with gauze for a number of days before the pleura and cavity were opened at a 
second, or occasionally a third, stage. An electrocautery blade was used for incision of the 
lung. A few of the opened cavities were packed with gauze throughout the postoperative 
period. In the rest, a firm rubber tube was introduced and maintained until the bronchial 
fistulas appeared closed. 

Other Surgical Procedures.—In eight instances (seven patients), firm healing of the 
chest wall or the skin occurred before the cavity closed, or the closed cavity reappeared some 
time after healing of the wound. Secondary cavernostomy operations were then performed. 
In five patients with small (2 em.) cavities, the operations were incomplete and the cavity 
was never successfully opened. On two occasions we closed the granulating wound and 
cavity by a plastic operation with a pedicled muscle graft. 

Of the eighty-four operations, forty-four (52 per cent) were performed in one stage, 
twenty-two (26 per cent) in two stages, and five (6 per cent) in three stages. There were 
eight (10 per cent) secondary revision operations (one incomplete). Five primary operations 
(6 per cent) were unsuccessful without opening into the cavity. These procedures are listed 


and explained in Table IV. 

The type of procedure was determined by various circumstances. Obliteration of the 
pleural space at the operative site was encountered forty-four times and permitted immediate 
opening of the cavity. A two-stage or three-stage operation was required seventeen times 
because of a free pleural space. In eight operations, inadequate localization of the cavity 
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TABLE V. DISTRIBUTION OF CAVERNOSTOMY OPERATIONS 























| NO. NO. 
PROCEDURES | parreNTs | OPERATIONS 
Single cavernostomy (one or more stages) 60 60 
Bilateral cavernostomy 1 2 
Two cavernostomies for separate cavities in same 1 2 
lung 
Primary cavernostomy and secondary drainage of 5) 10 
cavity 
Primary cavernostomy and two secondary operations 1 3 
Incomplete operation* 6 7 
Total 74 84 





*One patient had had a previous cavernostomy with premature wound healing. 


required multiple stages; atter further x-ray studies, the cavity was successfully drained. 
In one instance, a dense plate of bone following a previous thoracoplasty required a two- 
stage operation to drain the underlying cavity. Preliminary wound packing with second- 
stage cavity drainage was done once after wide rib resection over a large lower lobe cavity 
to avoid a spreading infection of soft tissues. 

A secondary or revision cavernostomy was done once to enlarge an inadequate stoma 
to a large cavity. Two healed wounds following plastic closure, and five which healed spon- 
taneously, were reopened to drain the recurrent cavity. In one of the latter operations, we 
did not succeed in reopening the small residual cavity and this operation is listed as incom- 
plete. Of the five other incomplete operations, two were interrupted after the first stage by 
a traumatic pleural effusion in the partially obliterated pleural space. In these patients the 
cavity then disappeared on x-ray examination and sputums became and remained negative 
for tubercle bacilli. We were unsuccessful in locating a small 1.5 to 2 em. cavity in each 
of two patients; the sputum of one of these patients became negative after the procedure. 
During the sixth incomplete operation the patient died of cerebral air embolus following needle 
exploration of the cavity. 

We thus performed a single (or staged) operation on sixty patients, while fourteen had 
multiple or incomplete operations. The eighty-four procedures were distributed among the 
seventy-four patients as shown in Table V. 


RESULTS 

The good results of almost any therapeutic measure for tuberculosis vary in- 
versely with the activity and extent of the disease, while the complications are 
likely to be directly proportional to the degree of tuberculous involvement. These 
relations were encountered in the outcome of cavernostomy operation on the 
four different groups of patients in this series. 

General Results—In evaluating the results of cavernostomy operations, 
we listed patients as apparently arrested when the wound was healed without 
drainage, the cavity remained closed in serial x-ray examinations, and repeated 
examinations of smears of pooled, concentrated sputum were negative for 
tubercle bacilli for a minimum of eight months and continuously up to April 1, 
1946, with no active lesions in the opposite lung. 

Patients were classed as improved,* if the wound was contracting about 
the drainage tube or reduced to a sinus too small for a tube; the cavity by 
x-ray was invisible or no larger than the drainage tube, and sputum examina- 


*One patient is listed as improved who had cavernostomy for a large lower lobe cavity 
with a pre-existent contralateral cavity under a thoracoplasty collapse. The cavity which was 
drained has disappeared and the wound is solidly healed. We think it possible to close the 
cavity in the opposite lung by revision thoracoplasty. 
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Fig. 9. Fig. 10. 


Figs. 7, 8, 9, and 10.—(For legends see opposite paye.) 
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tions as described remained negative. If sputum examinations remained oe- 
casionally positive, or if the cavity was still visible in the roentgenogram, or 
if wound healing was unsatisfactory, the patient was considered unimproved. 
Those patients who were operated on in the past eight months are listed as too 
early for classification. 

Of the entire group, thirty patients are apparently arrested or improved. 
Eighteen of these are at home, of whom four have intermittent slight 
serous drainage from a small sinus. Five who have cavity closure, healed 
wounds, and negative sputum, are soon to be discharged from hospital 
‘are. Six more with negative sputum and no definite cavity still have a small 
draining wound sinus, with examinations of the drainage negative for tubercle 
bacilli. One with cavity closure and a well-healed wound will need revision 
thoracoplasty for a residual cavity in the opposite lung. 

Eight patients are unimproved, one of whom is worse. Six operated on 
since August, 1945, are not classified, although two now have negative sputum 
examinations. Thirty are dead. These results are classified in Table VI aecord- 
ing to the original indication for cavernostomy. 


TABLE VI. RESULTS OF CAVERNOSTOMY 








ENTLY IM- UNIM- 
NO. |ARRESTED] PROVED | PROVED (%) 
GROUP} INDICATION PATIENTS| (%) (%) | (%) | DEAD 


APPAR- | 





I Low ecardiorespiratory re- 
serve 
A. Definite dyspnea 
B. No dyspnea at rest 
Total 
Residual cavity after tho- 
racoplasty 
Lower lobe cavity 6 17 
Other conditions 10 : 20 60 
Operation incomplete 6 4 33 17 
Total patients 74 : : 1] ‘ 40 








It is apparent that the best results from the procedure were obtained in 
the group with residual cavity after thoracoplasty, in which 55 per cent are 
apparently arrested, and 9 per cent improved; and in the patients with lower 
lobe cavity, of whom 88 per cent are apparently arrested. The least favorable 
results and the highest mortality rate occurred when cavernostomy was used as 





Fig. 7.—Case 3, E. G., Sept. 10, 1943. There is a partial collapse of the right lung by 
pneumothorax, with an acute pleural effusion which became empyematous. The upper two-thirds 
of the left lung show exudative infiltrations, with a 6 cm. cavity in the apex of the upper lobe 
posteriorly. This patient was extremely ill, with a high fever and rapid loss of weight. The 
former plan for a left thoracoplasty had to be abandoned because of dyspnea, 

Fig. 8.—Case 3, E. G., Dec. 16, 1943. The right empyema has almost disappeared; it was 
treated by frequent, repeated aspirations. On the left, the apical cavity is much smaller after 
cavernostomy, and a rubber drainage tube is in place in the cavity. 

Fig. 9.—Case 3, E. G., Sept. 11, 1944. The right pyopneumothorax has been completely 
re-expanded. Minimal pleural thickening is visible below the right clavicle. On the left, the 
cavernostomy tube has been removed, the wound is completely healed, and no cavity is visible. 
Contrast shadows are caused by irregular rib regeneration on the left. Sputum examinations 
are negative. 

Fig. 10.—Case 3, E. G., June 18, 1945. This film was made just before discharge. No 
cavity is visible on either side. There is a soft-tissue defect on the left posterior thorax. The 
patient is asymptomatic, and sputum is repeatedly negative for tubercle bacilli by smear and 
culture of pooled specimens, 
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Fig. 13. Fig. 14. 


Figs. 11, 12, 13, and 14.—(For legends see opposite page.) 
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a salvage measure of last resort. Among the patients with inadequate cardio- 
respiratory reserve, 15 per cent are arrested and 17 per cent improved; 49 per 
cent expired. Of the miscellaneous patients with active or progressive tuber- 
culosis, none was arrested and only 20 per cent are improved; the deaths 
amounted to 60 per cent. 

The variation in the operative results is also shown strikingly when these 
patients are reclassified according to the apparent surgical risk at the time of 
eavernostomy. Most of those with residual cavity after thoracoplasty (Table I, 
Group II), or with a lower lobe cavity (Table I, Group III), were in fairly 
good condition for surgery, although three had exertional dyspnea and one 
was an elderly man nearly 70 vears of age. In general, they had adequate pul- 
monary funetion and quiescent tuberculous lesions (apart front the cavity 
drained). They may be termed *‘ good risks.’’ Of these seventeen individuals, 
65 per cent are arrested and 6 per cent improved; 17 per cent are dead. The 
fifteen patients in Group I-B (Table I) with no visible dyspnea had bilateral 
tuberculous lesions with obvious impaired function of the opposite lung. Most 
of them, however, did not have active contralateral disease at the time of 
surgery, and could be considered ‘‘fair risks’’ for cavernostomy. They ap- 
peared wholly unfit for thoracoplasty or resection, since our observations showed 
most of the pulmonary function lay in the lung operated upon. Thirty-three 
per cent of these patients are arrested, 27 per cent are improved, and 27 per cent 
are dead. 


TABLE VII. RESULTS OF CAVERNOSTOMY 














| | APPAR- 
ENTLY UNIM- NOT 
SURGICAL NO. ARRESTED | IMPROVED | PROVED | CLASSIFIED DEAD 


(%) (%) (%) 


RISK PATIENTS ( % ) 
Poor risk 36 a 14 11 11 
Fair risk 15 33 6 6 
Good risk 17 65 j 6 6 


Total patients 68 27 : 9 














The remaining thirty-six patients in Groups I-A and IV (Table I), exelud- 
ing those six in whom e¢avity drainage was not accomplished, had definite 
dyspnea, or progressive tuberculosis, or both, at the time of operation. They 
were undoubtedly ‘‘poor risks’’ for any form of therapy. Those now dead 
amount to 61 per cent; 14 per cent are improved, and only 3 per cent ap- 
parently arrested. These figures are summarized in Table VII. 





Fig. 11.—Case 4, W. C., Jan. 10, 1941. A 7 em. cavity is present in the upper third of 
the right lung, with scattered infiltrations throughout the remainder of the lung. The left 
lung is clear. The right apical cavity remained open after pneumothorax and partial pneu- 
monolysis. Persistent pleural effusion appeared later and the pneumothorax was re-expanded. 

Fig. 12.—Case 4, W. ¢., April 17, 1942. This film was made after patient had had seven 
stages of right thoracoplasty including three revision operations. In all, nine ribs have been 
resected. A 4 em. cavity is still present below the right clavicle, and sputum is persistently 
positive for tubercle bacilli. 

Fig. 13.—Case 4, W. C., April 6, 1944. Right cavernostomy was done Sept. 12, 1942, and 
the cavity was opened through the posterior thoracoplasty scar. The wound is now completely 
healed and the cavity closed ten months after open drainage. This film shows irregular contrast 
shadows which are due to the soft-tissue defect in the posterior thorax. Sputum is negative 
for tubercle bacilli by smear and culture of pooled specimens, and the patient is symptom-free. 

Fig. 14.—Case 4, W. C., July 6, 1945. The patient was discharged from the hospital more 
than a year previously. He has been gainfully employed for the past eight months. Sputum 
examinations are negative for tubercle bacilli. 
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Wound Healing—Sinee a number of the operations were of too recent a 
date to allow judgment of the final result, those patients who were operated on 
more than one year ago, before April 1, 1945, were studied separately, to ascer- 
tain the fate of the wound, the cavity, and the related ipsilateral tuberculous 
lesions. Only a few of the living in this group had previous active disease on 
the opposite side. 

Table VIII classifies the wound healing of all thirty-two living patients 
with cavernostomy done more than a year ago. Among these the cavity is 
closed and the wound is healed in eighteen (56 per cent of the living patients), 
and such lesions are here considered healed. Six more (19 per cent) are classed 
as healing, with the cavity apparently closed, or small and indefinite; and the 
wound reduced to a small, draining sinus. Eight (25 per cent of the living 
patients) are unhealed, with open eavity and a drainage tube in place in the 
surgical sinus. 


TABLE VIIT. Wounp HEALING AFTER CAVERNOSTOMY (LIVING PATIENTS OPERATED ON BEFORE 
Aprin. 1, 1945) 








Nl ree STATUS OF WOUND 
| UNHEALED 











HEALING (DRAINAGE 
(SMALL TUBE IN 
NO. ILEALED SINUS) PLACE) 
GROUP | INDICATION FOR OPERATION PATIENTS (%) (%) (%) 
I Low eardiorespiratory reserve 
A. Definite dyspnea 6 50 - 50 
B. No dyspnea at rest 9 45 33 22 
Total 15 47 20 3% 
II Residual cavity after thoraco- 8 75 25 - 
plasty 
III Lower lobe cavity 6 83 - 17 
[IV Other conditions 3 - 33 67 
Total patients a2 56 19 25 





The appearance of the wound postoperatively, and the rate of wound heal- 
ing were both surprisingly good in most instances, and often exceeded our ex- 
pectations. Final healing was, of course, slower than in a nontuberculous lesion, 
but only six wounds, after several weeks, still showed the indolent, supposedly 
characteristic, tuberculous appearance with absence of granulation tissue and 
marginal undermining. By far the greater number had early development 
of firm pink granulations, with progressive epithelization of the edges. We 
frequently had to dilate the sinus gently to maintain an adequate stoma until 
the bronchial fistula closed. As mentioned before, several of the wounds healed 
prematurely in spite of such efforts. 

Among the apparently arrested patients, healing was considered complete 
on the date that the wound or sinus became completely and permanently covy- 
ered with epithelium, with no further evidence of drainage. The time required 
for wound healing ranged from five to twenty-one months in all cases except for 
one minute but persistent sinus which required forty months before the slight 
intermittent drainage ceased. The average time was slightly over twelve 
months. 
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TABLE IX. SpuTuM CONVERSION AFTER CAVERNOSTOMY (LIVING PATIENTS OPERATED ON 


BEFORE APRIL 1, 1945) 





61 








POSTOPERATIVE SPUTUM 
EXAMINATION 














NO. NEGATIVE POSITIVE 
GROUP INDICATION FOR OPERAT:ON PATIENTS (%) (%) 
£ Low cardiorespiratory reserve 

A. Definite dyspnea 6 67 33 
B. No dyspnea at rest 9 89 11 

Total 15 80 20 

II Residual cavity after thoraco- 8 75 25* 

plasty 

III Lower lobe cavity 6 83 17 

IV Other conditions 3 67 33 

Total patients 32 78 22 





*Two patients in whom cavernostomy was not completed and the cavity was never opened. 


TABLE X. POSTOPERATIVE COMPLICATIONS (NONFATAL) 














NO. 
COMPLICATION PATIENTS 
Traumatic pleural effusion 3 
Traumatic pneumothorax (operative) 2 
Increased dyspnea 8 
Late hemorrhage from wound (one week to one year) 8 
Air embolus (immediate) 2 
Air embolus (one year later) l 
Infection of chest wall ] 
Iodoform reaction (from gauze packing) 1 
Loss of gauze in wound (after a dressing one year postoperative) I 
Tuberculosis of spine 1 
Wound healing over residual cavity I 
Reopening of cavity after wound healing 6 
Total complications 35 








TABLE XI. CAUSES OF DEATH (LESS THAN THREE MONTHS POSTOPERATIVELY ) 














NO. 
CAUSE OF DEATH—EARLY PATIENTS 

Hemorrhage from cavity or wound 2 
Air embolus, operative 2 
Respiratory failure 5 
Exacerbation of tuberculosis 2 
Auricular fibrillation and cardiac decompensation 1 
Pulmonary embolus 1 
Empyema and bronchopleural fistula 1 
Peritonitis (perforation of tuberculous ileitis) 1 
Total early deaths 15 





TABLE XIT. CAUSES OF DEATH (MORE THAN THREE MONTHS POSTOPERATIVELY ) 




















NO. 
CAUSE OF DEATH—LATE ; PATIENTS 

Progression or exacerbation of tuberculosis 11 
Accidents from postoperative dressing 

A. Traumatic pneumothorax with bronchopleural fistula 1 

B. Air embolus 1 

Hemorrhage from cavity 1 

Lobar pneumonia and cor pulmonale ] 

Total late deaths 15 
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The three wounds resulting from generous rib resection about a lower 
lobe cavity in good-risk patients showed slight initial delay in healing. Final 
closure and cessation of drainage from the saucerized defect, however, occurred 
earlier than in many wounds in which a narrow, deep sinus persisted. In most 
of the patients with a pre-existent thoracoplasty collapse, the cavernostomy 
wound healed rather rapidly. 

Sputum Conversion—A prompt conversion of positive sputum to nega- 
tive was a very common occurrence after cavernostomy, as has been reported 
following the Monaldi procedure of cavity aspiration. Bacteriologie examina- 
tion of the purulent or serous drainage from the wound was not done routinely, 
because this was also nearly always found to be negative for tubercle bacilli. 
Sputum conversion did not occur in those patients with progressive tuberculosis 
or with exacerbations of disease after surgery, nor, of course, in those few with 
open cavity on the opposite side (see Table IX). 

Postoperative Complications and Deaths.—It has been seen that nearly 60 
per cent of these operations were performed upon patients with a low cardio- 
respiratory reserve. A considerable number had obvious dyspnea. In several 
patients, there were other active or progressive tuberculous lesions in addition to 
the cavity subjected to drainage. Nearly all had undergone previous, unsuccess- 
ful collapse therapy. The potential complications from an operation of this 
type upon such patients are obvious and scarcely require detailed discussion. 
The nonfatal complications are listed in Table X, and the causes of death, early 
and late, in Tables XI and XII. 

It is, however, worthy of comment that most of the deaths may be attributed 
to evolution of the previous tuberculous disease. Respiratory failure (five pa- 
tients), hemorrhage from the cavity (four patients), and progression or exacer- 
bation of tuberculosis (thirteen patients) account for 73 per cent of the deaths. 
Mention may also be made of the effect of eavernostomy upon the ventilatory 
efficiency of the patients. There would be presumptive danger from the sur- 
gical creation of a bronchocutaneous fistula in a person whose respiratory 
mechanism was sufficiently disturbed to show dyspnea at bed rest. A notable 
increase in dyspnea was, perhaps, not frequent in relation to the poor condition 
of many of these patients. Nevertheless, it was noted thirteen times, and was 
five times the chief cause of death. We believe this possibility should be con- 
sidered when employing cavernostomy on a patient with clinical dyspnea. 


SUMMARY 


1. A report is presented of the indications, operative technique, surgical 
complications, and results of eighty-four cavernostomy operations upon seventy- 
four patients. 

2. The more usual methods of collapse therapy had been previously em- 
ployed on nearly all of these patients. 

3. The patients are divided into four groups according to the indication for 
operation. 

4. Forty-three patients with low cardiorespiratory reserve (Group I) had 
reduced function of the other lung which precluded collapse therapy or pul- 
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monary resection. Of these, twenty-six had clinical dyspnea and seventeen 
had none. After cavernostomy, thirteen (32 per cent) are apparently arrested 
or improved; three (7 per cent) are unimproved; five (12 per cent) are too 
early for classification; twenty (49 per cent) are dead. Two others in this 
group had an incomplete operation without drainage of the cavity; both are 
now apparently arrested. The presence of dyspnea seemed an important factor 
militating against the success of cavernostomy. Among the patients without 
dyspnea (but with low cardiorespiratory reserve) five (33 per cent) are ap- 
parently arrested and four (27 per cent) improved, with four (27 per cent) 
dead. Among the patients with visible dyspnea at rest, only one (4 per cent) 
is apparently arrested and three (12 per cent) improved, with sixteen (61 per 
cent) dead. 

5. Thirteen patients (Group II) had a residual cavity beneath a tho- 
racoplasty collapse. Six of these (55 per cent). are apparently arrested, and one 
(9 per cent) improved. One (9 per cent) is too early for classification and three 
(27 per cent) are dead. Two others in this group had an incomplete operation 
and are unimproved. 

6. A large lower lobe cavity not closed by pneumothorax or phrenic paraly- 
sis or both, was present in eight patients (Group III). There was no impor- 
tant tuberculosis in the opposite lung. Five (83 per cent) are arrested, and 
one (17 per cent) is unimproved. Cavity drainage was attempted but not 
achieved in two others; one is now apparently arrested and one is dead. 


7. Cavernostomy was done upon ten patients (Group IV) with active or 
progressive tuberculosis and miscellaneous indications for surgery. Five of 
these had previous unsuccessful Monaldi intercostal drainage which was con- 
verted to cavernostomy. Two patients (20 per cent) are improved; two (20 per 
cent) are unimproved; :and six (60 per cent) are dead. 


8. The sixty-eight patients whose cavities were successfully drained were 
also classified as good, fair, and poor risks for surgery, according to their pul- 
monary function and extent of active tuberculosis. It was shown that the fair- 
risk and poor-risk patients could not have withstood collapse therapy or pul- 
monary resection because of reduced function in the contralateral lung. Among 
seventeen good-risk patients, eleven (65 per cent) are apparently arrested and 
one (6 per cent) is improved after cavernostomy. One each (6 per cent) is 
unimproved and too early for classification, and three (17 per cent) are dead. 
Out of fifteen fair-risk patients, five (33 per cent) are apparently arrested and 
four (27 per cent) are improved. One each (6 per cent) is unimproved and 
too early for classification. Four (27 per cent) are dead. The patients who 
were poor risks for cavernostomy and unsuitable for any other surgery num- 
bered thirty-six. One (3 per cent) is apparently arrested and five (14 per cent) 
improved. Four each (11 per cent) are unimproved and too early for classifica- 
tion. Twenty-two (61 per cent) are dead. 

9. Most of the postoperative complications and deaths occurred in patients 
who before operation had visible dyspnea at rest, or active, progréssive tuberculo- 
sis. Nearly 75 per cent of the deaths were attributable to these two factors. 
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10. The wounds which healed most readily were those of post-thoracoplasty 
cavities, and lower lobe cavities with generous rib resection and some degree 
of surgical collapse in the area of the cavity. 


CONCLUSIONS 

1. When the usual measures of collapse therapy are ineffective for cavity 
closure, cavernostomy is frequently successfully used for residual cavities after 
thoracoplasty. Of eleven patients with such eavities, 55 per cent became ap- 
parently arrested with eavity closed, wound healed, and sputum negative for 
tubercle bacilli. An additional 9 per cent was improved with negative sputum, 
wound reduced to a small sinus, and cavity closed or not definitely visible. 

2. Likewise, after an unsuccessful trial of the usual procedures of collapse 
therapy, cavernostomy is usually effective in closing lower lobe cavities, in pa- 
tients with adequate cardiorespiratory reserve. Of six such patients, 83 per 
cent became apparently arrested. 

3. Cavernostomy may be a useful procedure for patients without dyspnea 
or progressive tuberculosis, in whom reduced function of the opposite lung 
prohibits collapse therapy or pulmonary resection. Open cavity drainage pro- 
duced apparent arrest in 33 per cent, and improvement in 27 per cent of fifteen 
patients in this group. 

4. Cavernostomy yields few good results in patients with obvious dyspnea 
or progressive tuberculosis. In these instances, the operation was followed by 


apparent arrest in 3 per cent and improvement in 14 per cent of thirty-six 
patients. 

5. Healing of the wound and the cavity appears to be most prompt when 
cavernostomy was preceded or accompanied by some surgical collapse of the 
involved pulmonary tissue. 

6. Most of the deaths and serious complications occurred in patients who 
had poorly resisted advancing tuberculosis, or who were visibly short of breath 


prior to cavernostomy. 
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DISCUSSION 


DR. W. A. HUDSON, Detroit, Mich—I want to agree very heartily with what Dr. Test 
has just presented. I think there are definite indications for the use of cavernostomy, but 
they are limited indications. In general, we may use cavernostomy to make our patients 
more comfortable. We may use it to save a life or prolong a life. I think those are the only 
three indications we have. 

Dr. Test has gone into more detail as to how we can select the patients. I differ 
somewhat from Dr. Test’s and Dr. O’Brien’s group in approach to the cavernostomy. As far 
as possible, I like to clean up the cavern before doing the cavernostomy, Frequently we 
still insert a tube, apply drainage and suction, merely as a preparatory measure, thereby 
ridding the cavity of much of the secretion that may be present when it is open. We reduce 
what Dr. Archibald used to call ‘‘marshy lung’’ about the cavities. 

In addition, I notice that Dr. O’Brien and his associates seldom use skin flaps. I 
have found skin flaps very helpful in making the patient more comfortable during the 
convalescent period, especially at the time you are doing dressings, and it saves many 
secondary operations. 

These are slides of the type of skin flaps that are used. These examples range from a 
period of four years to nine years since cavernostomy. 

(Slide.) This is very soon after the opening of the cavern. You will note that an 
anterior approach has been used, and there has been a skin flap to line the upper or proximal 
portion of the cavity. There has been a skin flap from the anterior lateral chest wall to 
line the anterior lateral portion of the cavity and a short flap to line that portion of the 
cavity which lies directly lateral, leaving only one raw surface which is already under- 
going healing. 

(Slide.) Here is a patient who is almost healed; there is a small sinus which is readily 
dressed. There is a bronchial opening of considerable size in the bottom of that cavity, and 
as long as the fistula is present I think it very improper to allow the external opening to 
close. For that reason a skin flap has proved very effective. 

(Slide.) Here is another cavity which is lined with skin down to and including part 
of the base of the cavity. This portion has been covered and lined by epithelium growing out 
from the bronchial tree. It is now six years since the cavernostomy. 

(Slide.) These patients are all free of sputum, and are going about their daily 
activities. This case demonstrates depth of the cavity and the small residue of visible lung 
in the depth of the cavity. 
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(Slide.) This shows a very extensive cavity. The patient was operated upon nine 
years ago, after he had been rejected for all other forms of therapy, or had failed to get 
a result from the procedures tried. There is an extensive cavity extending from the apex 
to midlung field and in contact with chest wall. We first established drainage by suction, 
cleaned up the cavity, relieving the patient of an aggravating cough, and then proceeded with 
cavernostomy, which converted the large cavity into a pleurocutaneous cavity. What we 
have really done is to exteriorize the cavity. 

This patient, for a period of about fourteen years, had lived at the expense of Wayne 
County, but during the past few years he has supported himself. 

(Slide.) This shows the extent of the scar in the wall of the cavity about one inch 
in thickness and the small amount of lung that was resected. We tried to do a very generous 
resection of the outer wall of the cavity, and we feel that it is very important to remove as 
much of the parietal wall as possible. The flaps are placed so that they will not be under ten- 
sion, and so there will not be too much difficulty in inserting gauze for dressing and pressure. 


DR. W. L. ROGERS, San Francisco, Calif.—I only rise for two or three comments, 
mainly because Dr. Shipman and I presented a paper before this organization at the 
Toronto meeting on this subject. 

It is somewhat doubtful whether or not one is justified in selecting this procedure as a 
primary measure except in a very selected, small group where the cavity lies posteriorly 
in the apex of the lower lobe, where it has not responded to other reversible forms of 
collapse therapy, and where, by cavernostomy, conversion may reasonably be expected. 

The only other specific indication for this procedure is in a small percentage of 
residual cavities underlying apical thoracoplasties, and I believe in that group where we 
may hope for sputum conversion, it is a justifiable secondary procedure. This indication has 
been covered by their Groups IT and III. 

All other indications I am very much in doubt about, and am afraid if we pursue 
cavernostomy with the broader indications, it will prove disappointing. 

We feel that a two-stage operation is advisable. In two of our cases, after preparing 
the flap and resecting small sections of one or two ribs overlying the cavity, while waiting 
for the flap to become adherent, the underlying cavity closed, again illustrating the unpre- 
dictable nature of these cavities. 

Second, we prefer not to pack the cavity after it is opened. 

Third, we believe the skin flap is very essential, because many of the early failures 
which were performed many years ago were due to early stenosis of the wound with closure 
before the cavity had been converted and obliterated. It is true that a sinus may, at times, 
remain, but if sputum conversion has been obtained the sinus may be closed subsequently. 


DR. F. C. TEST—Dr. Rogers’ comment about the limited indications for this 
operation is very well taken. As you see, some of our best results were obtained on residual 
cavities after an apical thoracoplasty. We feel, however, that the high percentage of favorable 
results after drainage of lower lobe cavities may warrant further trial of cavernostomy for 
basal cavity when routine collapse therapy has proved ineffective. 

The comments about the use of a skin flap were interesting. A constant sequel to cavity 
drainage is the persistence of a chronic open sinus over many months. Skin flaps may be the 
answer, but we have intentionally not used them hoping to avoid creating a permanent 
bronchocutaneous fistula. We were rewarded by obtaining a number of firmly healed 
wounds after the procedure. 





CARDIAC RESUSCITATION 


Mercier Fautevux, M.D. 
MONTREAL, QUE. 


HE management of cardiac standstill and ventricular fibrillation during a 

surgical operation presents many complex problems. A set of rules and 
procedures which in some instances can save life has been established gradually 
due to the experience acquired in both the experimental and clinical fields. 
These rules and procedures have been amply described in the literature. They 
will not, therefore, be recalled here. 

In this paper, we will confine the discussion to (1) the essential charac- 
teristics of cardiac resuscitation, (2) the rarity of restoration of cardiae activity 
following cardiac standstill and ventricular fibrillation in clinical cases, and 
(3) the presentation of a few procedures which can be of great assistance to 
control a few important causes of failure in cardiac resuscitation. 

This report is based on the experience acquired experimentally during 
the past three years. More than 200 experiments were made on the dog’s heart. 
Cardiae standstill or ventricular fibrillation was induced by various means, 
altering seriously the myocardial structure and functions, or they were the 
spontaneous result of conditions created during operation on the heart. In 


every experiment, electrocardiograms as well as blood pressure changes were 
recorded with many other findings of interest and value. It seems possible to 
state that now most of the dogs presenting spontaneous cardiac standstill or 
ventricular fibrillation during operation are definitely revived. These en- 
couraging results do not let us forget, however, that much work has yet to be 
done in the experimental field before one can control systematically the numer- 
ous factors which at one moment or another can prevent cardiac resuscitation. 


DEFINITION OF CARDIAC RESUSCITATION 


Cardiac resuscitation means full and durable restoration, in due time to 
avoid eventual death, of the essential functions of a heart which has lost its 
power to propel blood, and which, in all appearances, is unable to recover spon- 
taneously its effective value as a pump. 

This definition, imperfect as it may be, has the advantage, it is believed, 
of embodying the essential features of real cardiac resuscitation and of limiting 
the use of the term to its strict and true sense. First, the heart must have 
stopped functioning as a pump. Many hearts are ‘‘resuscitated’’ which are 
still beating with a certain degree of circulatory efficiency. Second, cardiac 
functions must be fully and permanently restored. This signifies that resump- 
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tion of coordinated beats without concomitant recovery of adequate propulsion 
of blood to the periphery as well as temporary revivals of the eardiae beat and 
circulation for only short periods of time should not be considered resuscitation. 
Third, life must be preserved. This implies that fully operating eardiae fune- 
tions are not sufficient. Serious and permanent damage to vital centers or 
organs due either to transcending the limit of resuscitability or improper tech- 
nique should be avoided. It is, indeed, a well-known fact that resuscitation of 
any given organ is inextricably dependent on the maintenance of the functional 
ability of the others. The heart is no exception to that rule. 

If one accepts the fulfillment of these three conditions for true cardiac 
resuscitation, it soon becomes obvious that cases of real eardiae revival are not 
as numerous as the literature tends to show. Cardiae resuscitation following 
ventricular stoppage of more than a few minutes is a rare event clinieally. 
On the other hand, it is more than probable that not a single ease of ventricular 
fibrillation in the human has vet been revived in the sense mentioned above. 


BRIEF DISCUSSION OF CARDIAC RESUSCITATION CASES REPORTED 
IN THE LITERATURE 


A. Resuscitation of Cardiac Standstill.—It is well known that when the 
heart ceases to propel blood, a series of phenomena develops leading rapidly to 
death. The aortic and pulmonary circulations fail. The svstemie and coronary 
pressures fall to zero. Anemia of the brain and spinal cord follows immediately 
with ultimately fatal effects. Richet' found that three minutes is a sufficient 


interval to cause death of the medulla deprived of blood in dogs. Stewart and 
associates? have shown that seven minutes is approximately the average limit 
of complete anemia tolerated by the nervous system, and that it is rarely ex- 
tended to fifteen minutes. Weinberger and associates* found that when ihe 
circulation is interrupted for eight minutes and forty-five seconds or longer, 
life could not be restored for more than a few hours. 

The clinical reports of resuscitation published, where cardiac arrest greatly 
exceeded the limit of resuscitability found by experimenters, should not be re- 
earded as evidence against experimental demonstration. The latter establishes 
its conclusions in much more favorable and accurate conditions. Contrarily, 
many sourees of errors are unavoidable in clinical interpretation of cardiac 
arrest. The time elapsing from standstill to re-establishment of cardiac activity 
in a patient with an unopened chest is not easily recorded. Indeed, the inception 
of ventricular stoppage is impossible to determine except by actual inspection. 
Even electrocardiographie tracings cannot help in this occurrence. 

B. Resuscitation of Ventricular Fibrillation Very few attempts at cardiac 
resuscitation following ventricular fibrillation during operation have been re- 
ported in the literature. We believe that all of them ended in failure. 

Beck* reported two cases of defibrillation of the human heart. The patients 
were not revived. 

Barber and Madden’ reported a patient who, according to them, showed 
ventricular fibrillation and was temporarily revived. No electrocardiograms 
were taken. Therefore, one cannot discard the possibility that paroxysmal 
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ventricular tachycardia or ventricular flutter may have been confused with 
fibrillation. A fact that strongly suggests that this is probably what happened 
is that a normal cardiac rhythm was restored by a method which in experi- 
mental conditions is never effective to resuscitate the fibrillating heart, at least 
in the dog. 

Thompson and associates® reported a case of ‘successful resuscitation”’ 
with operative recovery of the patient following cardiac cessation due to 
auricular and ventricular fibrillation. No eleetrocardiograms accompany their 
report to establish firmly the accuracy of their clinical interpretation. They 
massaged the heart, and injected intravenously 2 ¢.c. of neosynephrin, and 1 
c.e. of nikethamide. Within one minute after the injection, the heart was defi- 
nitely revived. They suggest that resuscitation may have been due entirely 
to cardiae massage and pulmonary ventilation. 

As far as we know, not a single case of ventricular fibrillation in dogs or 
in patients has been revived only by cardiae massage or pulmonary ventilation 
with or without drugs similar to those used in their case. Pulmonary ventila- 
tion per se or combined with massage is not able to annihilate ventricular 
fibrillation. Massage stimulates the myocardium. It tends, therefore, to in- 
crease the force and the continuation of fibrillary movements. It never has the 
effeet of rendering quiescent fibrillating myocardial fibers and is not used in 
‘ardiae resuscitation, attempts for that purpose. Every fibrillary movement 
must be eliminated before the fibrillating heart can resume a coordinated 
rhythm. This essential rule in defibrillation has been emphasized by Wiggers 
and confirmed by every experimenter with sufficient experience with ventricu- 
lar fibrillation. 

In the case of Thompson and associates, it is important to remember that 
auricular fibrillation preceded the ventricular rhythm they describe as ventricu- 
lar fibrillation. In auricular fibrillation, it is not rare to see an irregular, rapid 
and bizarre ventriewlar rhythm, which is not fibrillation, appearing and disap- 
pearing spontaneously after a variable time even while the auricles continue 
to fibrillate. This is a frequent observation in cardiae experimental work when 
the auricles are mechanically stimulated, causing auricular fibrillation. As early 
as 1894, Francois-Franck* showed that auricular fibrillation sometimes can de- 
termine this rapid and bizarre ventricular rhythm. In 1903, he stated concern- 
ing the effect of auricular stimulation on the ventricles: ‘‘Une excitation 
assez forte, ne dépassant pas cependant la limite de tolérance du coeur, produit 
une tachyeardia arythmique des deux ventricules, caractérisée par un état 
soutenu de resserement du myocardie qui constitue un véritable tétanos at- 
ténué a secousses dissociées et irregiliére.’’> Frédéricq® deseribed this abnormal 
ventricular rhythm under the name of ‘‘rythme affolé des ventricules da a la 
fibrillation des oreillettes.”’ It is more than probable that Thompson and his 
co-workers took for ventricular. fibrillation itself that bizarre, ventricular 
rhythm which sometimes accompanies auricular fibrillation. 

On one oceasion we had the opportunity to observe ventricular fibrillation 
during operation. The chest had just been opened and the heart exposed when 
the ventricles began to beat very feebly and the blood pressure dropped. The 
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heart was massaged and 2 e.ec. of epinephrin 1:1,000 were injected through the 
left auricular appendage. This cardiac stimulation provoked immediately 
ventricular fibrillation. Electrical shocks were administered to the myocardium. 
Coordinated beats followed immediately. Electrocardiograms were taken while 
heart was fibrillating, and after defibrillation. (Fig. 1.) The heart, how- 
ever, never regained its value as an effective pump, in spite of medication. At 
autopsy, it was found that both coronary arteries were totally occluded by old 
sclerotic lesions at their aortic mouths. These lesions were undoubtedly suffi- 
cient to prevent cardiac resuscitation. Apparently no blood could enter the 
main coronary arteries during cardiac massage and the extracardiac collateral 
circulation was too poor to irrigate the heart properly. Adequate blood flow 
to the myocardium is essential in any attempt to revive the heart. 


Fig. 1.—Electrocardiographic tracings from a patient who developed ventricular fibril- 
lation during operation. Upper tracing during ventricular fibrillation, lower tracing after 
defibrillation. 

In conclusion of this brief discussion about the clinical cases of cardiac 
resuscitation reported, we should like to reiterate that clinical interpretation 
of the dying heart’s behavior and accurate timing of the onset of cardiac in- 
aptitude to propel blood are not a simple matter. The difficulties inherent in this 
problem are a source of many errors exposing erroneous statements concerning 
cardiac resuscitation. Finally, one should not be deceived by some extraordinary 
reports in the literature concerning restoration of cardiac activity. Good results 
are exceptional. Failures are still numerous, even in the operating room where 
the conditions of success are unquestionably better than anywhere else. 

Among the causes of failure in the operating room, loss of very precious 
time in trying at first simple and benign procedures as well as lack of organiza- 
tion and preparation to take care of any serious emergencies play an important 
role. These causes can and should be eliminated. There is no excuse for their 
persistence. With the essential equipment and a well-planned technique, a 
higher percentage of good results can be gained. 

Other factors of failure which we have particularly studied experimentally 
are: (1) Hyperirritability of the heart, (2) absence of cardiae tone, (3) in- 
crease of the myocardial temperature, and (4) peripheral circulatory failure. It 
is believed that these conditions can be controlled to a large extent when 
recognized on time and treated properly. 
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SOME IMPORTANT CAUSES OF FAILURE IN CARDIAC RESUSCITATION 


1. Hyperirritability of the Heart—-The development of cardiae hyper- 
irritability in a nonfunctioning heart is due to (a) cardiac ischemic conditions 
always present in either cardiac standstill of a certain duration or ventricular 
fibrillation, and to (b) overstimulation of the myocardium by cardiac massage 
and intracardiac therapy during attempts to revive the heart. While the 
myocardial structure is hyperirritable, the slightest cardiae stimulation, 
mechanical or chemical, may suffice to transform a standstill condition into 
fibrillation or render useless methods usually efficient to resuscitate the heart 
from a fibrillary state. 

It is, for instance, a well-known fact that in cardiae standstill intraeardiae 
administration of drugs which in normal conditions only increase the strength 
and rate of the heart can provoke ventricular fibrillation. This is why intra- 
cardiae injection of epinephrin in patients with an unopened chest is rightly 
considered a dangerous method in cardiac resuscitation. These injections are 
made blindly, most of the time through the right or left ventricle instead of 
through the auricles, and their effects cannot immediately be controlled, except 
by electrocardiographie tracings. When they initiate fibrillation it is not known 
by the operator, and consequently no measures are taken to defibrillate the heart. 
Death ensues and the real cause of it remains unknown. On the other hand, it 
does happen that during attempts to resuscitate the heart from fibrillation, 
electrical shocks are sueeessful in restoring a normal rhythm. Yet more or less 


rapidly, paroxysmal ventricular tachyeardia develops, due to overstimulation 
of a hyperirritable heart, and fibrillation reappears. In such a state of affairs, 
repetition of electrical shocks seldom resuscitates the heart, which every time 
after defibrillation presents paroxysmal ventricular tachyeardia leading to 
fibrillation. 


Among the drugs to decrease cardiac hyperirritability rapidly and to 
eliminate, therefore, deleterious reflexes and dangerous ventricular rhythms, the 
best known are members of the cocaine group. Their usage for this purpose is 
far from being a new discovery in the physiologic field, as it has been stated in 
recent years. 

Franecois-Franck in his Lecons at the Collége de France from 1880 to 1904 
stressed repeatedly the protective value of these drugs in cardiae experimental 
work. He recommended the application of cocaine hydrochloride solution on the 
surface of the heart and the great vessels at the base of the heart to avoid 
reflexes..°. From an historic point of view, and to give credit where it really 
belongs, it is important to quote at length this great physiologist. In his 
lecons, during 1893, he says, concerning the technique of coronary arterial liga- 
tion, ‘‘ces opérations ont été rendues faciles, grace 4 la cocainisation locale qui 
permet les manipulations de ces régions si impressionables, sans danger sérieux 
pour le ecoeur.’’ Concerning the reflexes that one can provoke while working 
in the cardioaortic area, he remarks: ‘‘on observe tout particuliérement des 
réactions dans les irritations de la région sigmoidenne de l’aorte: elles dis- 
paraissent 4 la suite d’une cocainisation interstitielle localisée, pour reparaitre 
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quand la paralysie locale des réseaux sensitifs s’est dissipée.’’!? Other important 
studies on the same subject were published later on by Fauconnier,’* Kochmann 
- and Daels,'* Gilbert,’? Mathieu,'® and Mathieu and Hermann," to mention only 
a few. It became a routine procedure in many laboratories to use drugs of the 
cocaine group to reduce cardiae surface irritability. More reeently, Mautz'™ 
earried out very interesting experimental work which confirms entirely the 
conclusions reached by many physiologists years ago on the value of surface 
application of the same drugs. He did not claim that the method he studied 
so well was something new. 

These drugs also have been investigated as a measure to prevent ventricular 
fibrillation and as an aid in eardiae resuscitation from ventricular fibrillation. 
Both surface application and intravenous injection of these drugs were 
advocated years ago for the purpose of preventing ventricular fibrillation. The 
clinical usage of cocaine as an aid in eardiae resuscitation is unquestionably the 
logical application of a method long known to be valuable against cardiae hyper- 
irritability. On the other hand the clinical use of electric shocks to defibrillate 
the heart has been the logical application of a method efficiently demonstrated by 
experimentation in the past century. 

Frangois-F'ranck studied the value of cocaine to inerease the resistance of 
the heart against ventricular fibrillation caused by electrical shock. He says: 
‘‘Dans nos expériences comparatives, nous avons profité de l’action atténuante si 
évidente que provoque sur |’excitabilité cardiaque, la cocainisation générale du 


sujet (1 centigramme de cocaine par kilo, dose inférieure de moitié a la dose 
toxique); on obtient de méme une toléranece remarquable du myoearde par 
V’applieation locale directe de cocaine. Dans ces deux conditions, telle excitation 
faradique, qui aurait sirement tué le coeur normal, ne provoque qu’un tétanos 
dissocié, plus ou moins prolongé, a la suite duquel les ventricules se relachent et 


9919 


reprennent instantanément leurs systoles et leurs diastoles normales. 

Later on, summarizing the value of cocaine to reduce eardiae irritability in 
a lecture devoted to reactions following general or local administration of 
cocaine, he says: ‘‘Sous l’influence de l’action locale de la cocaine, les manipula- 
tions directes du coeur, nécessaires a ]’introduction d’appareils, ne risquent plus 
de provoquer les accidents de trémulation mortelle; l’irritation de la région 
sigmoidenne de l’aorte ne produit plus les accidents que nous avons décrits, et 
leur disparition prouve leur mécanisme réflexe; de méme, |’insufficance aortique, 
pratiquée a la suite d’une cocainisation interstitielle, se trouve réduite a ses effets 
mécaniques, et dégagée des réflexes vaso-constricteurs et autres que nous avons 
fait intervenir dans la pathogenié d’un certain nombre d’accidents aeeompagnant 
cette lésion. On peut aussi reprendre, grace a la cocainisation locale, et avee 
une sécurité plus grande, les expériences relatives aux effets de la compression 
ou de la ligature des artéres coronaires. L irritation faradique ventriculaire, qui 
tue le coeur normal, reste sans effet muisible su le coeur cocainé localement, 
quand les courants sont appliqués sur la z6ne cocainée; elle produit seulement 
une tétanisation inecompléte et passagére du myocarde. D/’acecord avec les 
prévisions résultant des faits qui précédent, les poisons tétanisants du coeur 
perdent, en partie, leur influence, 4 la suite des applications locales de cocaine 
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sur le coeur, ou de l’imprégnation du myocarde par la voie eapillaire, aprés 
l’injection veineuse de doses suffisantes.’’2° 

In 1931, Hermann and Jourdan”! showed also that cocaine protects the dog’s 
heart to a certain extent against certain causes of ventricular fibrillation. 
Mautz'* and Beck and Mautz?* also recommended the use of procain to reduce 
the cardiac irritability as a preventive measure against ventricular fibrillation 
and as an adjuvant in cardiac resuscitation. Their method, not different from 
the one used by previous workers, consists in surface application of procain 
solution or injection of the drug in the blood stream. Their results confirm the 
findings of F'rancois-Franek and many others. 

To reduce cardiae irritability impeding resuscitation from ventricular 
fibrillation, we did not find that surface application of procain solution was 
a method giving as uniform and rapid results as the injection of the drug in the 
blood stream. It seems also that the injection through the auricles is a better 
method than the injection through the veins or the ventricles. In principle, it 
is believed that intraventricular injections should be avoided systematically 
in circulatory arrests because they may add complicating factors by the ven- 
tricular stimulation they provoke. One to 2 ¢.e. of a 2 per cent solution of 
procain are injected slowly through the left or right auricle. Very often, it will 
be found that approximately 0.50 ¢.c. is sufficient to stop paroxysmal ventricular 
tachyeardia. The ideal dose in a given case can be determined by observing 
carefully the modifications of the cardiac rhythm. One should avoid doses 
causing considerable loss of tone and excitability of the heart. Indeed, if the 


organ is too much depressed, resuscitation will become difficult and will 
necessitate the use of other drugs to counteract the action of proeain. 

Here are two examples of the value of procain when eardiae hyperirrita- 
bility prevents cardiac resuscitation. 


Dog No. 287-45: This dog had a ligation of the ramus descendens of the left coronary 
artery at 2 em. from the aortic origin of the left coronary artery. Ventricular fibrillation was 
initiated by clamping and declamping the aorta. In spite of massage, intra-auricular injec- 
tion of epinephrin and electrical shocks, it was impossible to revive the heart definitely. After 
each electrical shock, the heart was defibrillated easily but immediately paroxysmal ventricular 
tachycardia developed followed by fibrillation. At the sixth defibrillation, while the heart 
was showing again paroxysmal ventricular tachycardia and before recurrence of fibrillation, 
one cubic centimeter of procain 2 per 100 was injected slowly in the left auricular appendage. 
Immediately the cardiac contractions slowed down, and without the help of any other pro- 
cedure or medication, the heart was definitely resuscitated in spite of a ligature being left 
on an important coronary branch (Fig. 2.) 

Dog No. 240-45: This dog had a ligation of the circumflex artery at 2 em. from the 
origin of the left coronary artery. Eleven minutes and forty seconds later, asphyxia was pro- 
duced by shutting off the air supply. Four minutes and thirty seconds after the beginning 
of asphyxia, the blood pressure was not recordable. At five minutes after the beginning 
of asphyxia, the air supply was resumed. It did not help the heart condition. The latter 
remained at standstill. Cardiac massage and epinephrin injection started ventricular fibrilla- 
tion. The myocardium was very dilated and remained so in spite of prolonged massage. In 
certain instances, cardiac massage alone does not suftice to restore to the heart a lost cardiac 
tone. Barium chloride (1 ¢.c. of a 0.5 per cent solution) was injected into the left auricular 
appendage. The heart recovered ite tone. Repeatedly thereafter electrical shocks defibrillated 
the myocardium. But each time, paroxysmal ventricular tachycardia occurred followed by 
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fibrillation. One cubic centimeter of procain 2 per cent was injected into the left auricular 
appendage while the heart was fibrillating. It did not stop fibrillation, but one electrical 
shock applied immediately after the injection sufficed to defibrillate and resuscitate the heart 
definitely in spite of the ligature over the circumflex artery. 


Wiggers and Wégria®® concluded from their studies that procain raises the 
resistance of the ventricles to fibrillation but does not prevent its occurrence. 
They found no instance in which the heart became entirely refractory to fibrilla- 
tion. Because they have witnessed instances in which repeated trials failed to 
defibrillate the ventricles, and, when they considered revival hopeless, still 
another shock was effective, they believe that the results of Beck and Mautz with 
procain may have been fortuitous. 
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Fig. 2.—Blood pressure record illustrating the value of procain when cardiac hyperirrita- 
bility prevents cardiac resuscitation. This dog had a coronary occlusion. Ventricular fibrilla- 
tion was initiated by clamping and declamping the aorta. The heart was defibrillated each 
time that electrical shocks were applied to the myocardium; but each time, paroxysmal ven- 
tricular tachycardia (x on the tracing) developed rapidly, leading to ventricular fibrillation. 
Finally, while the heart was showing an extremely rapid ventricular rhythm again, and before 
the reappearance of fibrillation, one cubic centimeter of a 2 per cent solution of procain was 
injected into the left auricular appendage. Immediately the cardiac rhythm improved, the 
blood pressure came up, and the heart was definitely resuscitated. 


That procain does not prevent fibrillation in every case is the conclusion 
reached by most of the investigators. No one expected that the drug could 
prevent the arrhythmia systematically. It is true also that it happens sometimes 
that after repeated failures while attempting to defibrillate the heart, a final 
electrical shock will prove effective. Yet, it is also true that such a final good 
result is not always obtained if one does not find and take care of the condition 
which impedes resuscitation. The fact that one electrical shock suffices in many 
eases to revive the heart after administration of procain when repeated shocks 
are without effect is so striking that it is hard to believe that such a result is 
purely fortuitous. 

2. Absence of Cardiac Tone.—Sometimes, in spite of cardiac massage and 
intra-auricular epinephrin injection, the myocardium does not seem to recuperate 
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any tone. It remains dilated and flaccid. In such a condition, resuscitation is 
frequently impossible either from cardiac standstill or ventricular fibrillation. 
Prolonged massage is apt to cause bruises of the heart, endocardial eeechymoses 
which secondarily may seriously impair the cardiac conductivity. Experience 
showed us that barium chloride combined with epinephrin can help substantially 
to restore cardiac tone. 
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3.—Blood pressure record illustrating the value of barium chloride when absence of 
er , + prevents cardiac resuscitation. This dog had a coronary occlusion. The right 
coronary artery was tied at its origin. Sixty-two minutes later ventricular fibrillation de- 
veloped. The heart had no tone. Massage did not help to restore it, as it frequently does. 
Epinephrin and barium chloride (2 ¢c.c. respectively) were injected into the left auricular ap- 
pendage. This time, cardiac massage increased the blood pressure, and after the third electrical 
shock, the heart was definitely resuscitated. 


Baneroft and Dixon*+ found that barium chloride increases the force of the 
heartbeat, inereases cardiac tone, and, in large doses, causes death in systole. 
Rothberger and Winterberg”’ state that it increases the irritability of the heart. 
After the administration of 5-10 mg. of barium chloride intravenously, the heart 
could no longer be brought to a standstill by a simultaneous stimulation of the 
sympathetic and vagus nerves, which they say is the case in the normal heart. 
Von Egmond?* demonstrated that the ability of the ventricles to initiate rhythms 
was distinetly increased by the drug. Wertheimer and Boulet*’ state that it not 
only inereases the ecardiae excitability but that it can also help to prevent 
ventricular fibrillation when used in appropriate dosage. Tournade and 
Marchand,”* Tournade and Giraud,” and Mathieu*® also studied the action of 
barium chloride on eardiae srvitability. 

In our experiments, a solution of 0.5 per cent was used. It should be a fresh 
solution. Approximately 1 to 2 cc. are injected through the left or right 
auricular appendage. One has to be cautious in the use of the drug. Over- 
doses can reduce considerably the amplitude of the systoles and lead to fatal 
results. 

Here is one example showing the value of BaCl, to restore myocardial tone. 

Dog No. 130-45: This animal had a ligation of the right coronary artery at its origin. 
Thirty minutes later, the circumflex branch of the left coronary artery was tied at its origin. 


Thirty-two minutes after that last coronary occlusion, ventricular fibrillation developed spon- 
taneously. The blood pressure at that time was very low, and the heart was dilated and 
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flaccid.. The extensive deprivation of blood to the heart caused by both these ligations cre- 
ated the impression that resuscitation would be impossible. Cardiac massage did not improve 
the complete relaxation of the myocardium. Epinephrin and barium chloride, 2 ¢.c. of each, 
were injected separately into the left auricular appendage. The heart was massaged again. 
This time it recovered its tone. After the third electrical shock, the heart was resuscitated 


in spite of the fact that both ligatures were still in place. (Figs. 3 and 4.) 


In many other experiments, we had similar good results. 
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Fig. 4.—Continuation of the last blood pressure record. A, about three minutes after 
resuscitation. B, seventy minutes after the occlusion of the right coronary artery, and approxi- 
mately seven minutes after resuscitation. C, twenty-four minutes after resuscitation. 


INCREASE OF “HE MYOCARDIAL TEMPERATURE 

In certain difficult cases, it happens that one has to apply repeated electrical 
shocks to the heart in hopes that the last one may stop ventricular fibrillation. 
The repetition of these shocks, especially when administered in more or less 
rapid succession, will frequently increase the temperature of the myocardium 
quite remarkably. When such a condition exists, we find that it becomes prac- 
tically impossible to defibrillate and resuscitate the heart. Cooling the organ 
with cold saline poured over the surface of the myocardium will in most in- 
stances allow restoration of the cardiae activity by the other means generally 
used. The effect is really striking. 

Dog No. 247-45: This dog had a ligation of the ramus descendens at 2 em. from the 
origin of the left coronary artery. Twenty minutes later, fibrillation developed. In spite of 
massage, the heart remained quite dilated. Epinephrin and barium chloride were injected 
into the left auricular appendage. The heart recuperated its tone. Yet electrical shocks ap- 
plied five times in succession were without result. By that time, the temperature of the 
myocardium was quite elevated, and the heart was at complete standstill, undoubtedly the 
result of the high temperature. Sterile ice cubes were placed around the myocardium for a 
short while, and then removed. The heart was massaged again, and one cubie centimeter of 
epinephrin 1:1,000 was injected into the left auricular appendage. One electrical shock 
sufficed to resuscitate the organ definitely (Figs. 5 and 6). 
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PERIPHERAL CIRCULATORY FAILURE 

Peripheral circulatory failure may develop during attempts to revive the 
heart either from cardiae standstill or ventricular fibrillation. It generally 
happens after long, unsuccessful trials to resuscitate the organ. Coordinated 
beats have been restored, and they seem to have sufficient strength to propel 
blood. Yet, surprisingly, the blood pressure remains at zero or at a very low 
level. Even cardiac massage, in those instances, does not seem to elevate it. 
To correct this condition, intracardiac infusions of Ringer or dextrose solutions 
and blood were tried. Blood was found, as it was expected, the best agent. 
Approximately 500 ¢.c. of blood are injected rapidly into the cardiac cavities 
through the left or right auricular appendage while massaging the heart. In 
many eases which seemed hopeless, such a procedure allowed resuscitation. 
When cardiac massage, which previously did not help in re-establishing suitable 
blood pressure, was begun soon after the beginning of the infusion, satisfactory 
elevation of the pressure resulted and continued when the heart was left work- 


ing by itself. 
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Fig. 5.—Blood pressure record, illustrating the value of cold saline or sterile ice cubes 
when increased myocardial temperature prevents cardiac resuscitation, This dog had a coronary 
occlusion. Ventricular fibrillation developed. In spite of massage, epinephrin, and repeated 
electrical shocks it was impossible to revive the heart. The myocardial temperature was very 
much increased. Ice cubes were applied on the surface of the heart. Later on, it was pos- 
sible to revive the organ. 


COMMENTS 
From the very beginning of our work in eardiae experimental and clinical 
surgery, the importance of being familiar with the problems involved in eardiae 
failure and with the methods in use to revive a failing heart was fully reecog- 
nized. The future of selective cardiac surgery depends to a very large extent 
on the development of technique subduing most of the serious operative risks 
involved in that type of surgery. The cardiae surgeon should be able to control 
and master the heart during operation. Otherwise, no security is possible; 
there is always present a feeling of impending disaster, and eventually dramatic 
fatalities can oceur. 
The skill necessary to operate with assurance and success on the myocardial 
structure can be gained only by considerable knowledge of the anatomy and 
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physiology of the heart, accurate information and experience of many useful 
drugs, and, useless to say, extensive experimental surgery. 

One must not be deceived by audacities crowned with success in traumatic 
cardiac surgery taking care of wounds representing a matter of imminent death. 
Cutler*! states that surgical therapy in the general field of trauma needs no 
particular defense. It is the only treatment possible. Audacities and lack of 
foresight should not be allowed in selective surgery of the heart. 

In the course of a cardiae operation, the essential accidents which must be 
prevented, or at least controlled, are: (1) hemorrhage, (2) serious circulatory 
disturbances due to unwise manipulations, (3) reflexes of various nature, (4) 
cardiac standstill, and (5) ventricular fibrillation. All these factors can cause 
immediate or rapid death. 
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Fig. 6.—Continuation of the last blood pressure record. Approximately forty minutes 


after ligation of the ramus descendens, the blood pressure is exactly at the same level recorded 
at the beginning of the operation, that is, 180 mm. Hg. 


Extremely valuable studies on the control of bleeding and reflexes have 
been published by physiologists interested in experimental cardiac work and 
by surgeons interested in both experimental and cardiac surgery. During the 
last two world wars, considerable experience has been acquired in the manage- 
ment of bleeding, reflexes, and avoidance of deleterious manipulations of the 
heart while treating cardiac wounds or extracting foreign bodies. It seems that 
now these three important factors of serious complications do not offer the same 
seriousness as in the past, and that they can either be avoided or taken care of 
with an increasing margin of safety. We have performed over twenty-five 
operations on the human heart for nontraumatie conditions. In no instance did 
bleeding, manipulations, or reflexes complicate the intervention or cause death 
of patients. 

One cannot have the same assurance and optimism concerning the manage- 
ment of ventricular stoppage and ventricular fibrillation, especially when one 
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keeps in mind that most cases coming for elective cardiac operation have a 
diseased heart or congenital malformation which often renders the organ a very 
fragile structure. Ventricular stoppage is not as easily controlled in such cases 
as in otherwise healthy young persons or rugged soldiers. Ventricular fibrilla- 
tion is not as easily subdued as in dogs with healthy hearts in which ventricular 
fibrillation induced by electrical shocks is successfully treated by counter-shocks. 

In our experiments on resuscitation, animals with healthy hearts were 
intentionally discarded in investigating the possibilities to revive the heart from 
ventricular fibrillation. In the experiments where cardiac standstill was in- 
duced, obviously the heart had to be damaged in advance. Therefore, it is be- 
lieved that the conditions of experimentation were as near as possible to those 
found in clinical pathologie conditions. 

Methods of resuscitation already described were used, as well as others 
which apparently are new. Our results confirm the results of previous experi- 
menters on the value of cardiae massage, epinephrin, and electrical shocks. They 
also confirm their conclusions that members of the cocaine group can aid 
materially in reducing cardiac irritability and, therefore, in helping to prevent 
fibrillation. The use of barium chloride to restore cardiae tone seems something 
new in ecardiae resuscitation attempts. The same is apparently true about 
cooling the myocardium. Intracardiae infusions of various fluids and blood 
have been tried before. Recently, and after the present work had been 
terminated, intracardiac blood infusions have been reported as valuable in 
cardiac resuscitation. 

We believe that we have enough experimental evidence by now to show 
that with adequate equipment and a well-planned technique a higher percentage 
of good results can be obtained. 

Every operating room should be equipped with a good automatic respirator, 
an electrocardiograph, a defibrillator, and thee ssential drugs required. 

Aerating the lungs properly is essential. Manipulation of the thorax is 
recognized as essentially unworthy for adequate ventilation. Rhythmie com- 
pression of the rebreathing bag of the anesthetic machine is not a method of 
choice to establish and maintain artificial respiration. Aeration of the lungs 
should be carried out by an automatic respirator that will guarantee proper 
transport of oxygen at a regular rate, known volume and pressure, and for any 
extensive period of time. In some eases, natural and normal respiratory fune- 
tions take a long interval before reappearing. 

We believe that in the near future the electricardiograph will have a 
definite place in the operating room. It is indispensable during operation 
on the heart for various reasons. Electrocardiographie information is also 
essential during emergencies such as apparent death, especially when that 
happens while the chest is closed and, therefore, the cardiae behavior is unseen 
and cannot be estimated properly by the operator. The differential diagnosis 
between cardiac standstill and ventricular fibrillation can be made readily. A 
coordinated rhythm may be followed by incoordination during attempts to 
revive the heart from ventricular stoppage. The electrocardiogram will tell 
that immediately. This information is of the greatest assistance in guiding 
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the surgeon in selecting the proper methods of resuscitation in a given ease, 
and in avoiding useless procedures and fatal delays. When the patient is 
placed on the operating table, the electrodes should be adjusted immediately 
and the patient cable connected to the apparatus. Someone who is able to take 
and read tracings should be available at a short notice or, preferably, should 
be there in attendance. We never regretted this precaution in eardiae opera- 
tions. 

A defibrillator is essential to resuscitate the heart from ventricular fibrilla- 
tion. It is a life-saving device that should be in every operating room. 

The drugs we use are: (a) epinephrin 0.1 per cent, (b) proeain, 2 per 
cent, (¢) barium chloride 0.5 per cent, and (d) coramine. Syringes properly 
tagged are filled with these drugs in advance, therefore, ready for immediate 
use. The moment a syringe is emptied it is refilled automatically and the 
amount of a given drug delivered is noted. Epinephrin, proecain, and barium 
chloride are introduced in 2 ¢.e. syringes ; coramine, in a 5 ¢.e. syringe. 

Cold (0° C.), isotonic, salt solution is in readiness, as well as blood for 
immediate use. 

Finally, to assure efficiency, it is believed that surgeons should be trained 
in eardiae resuscitation techniques, and should not wait for emergencies at the 
operating room to gain experience. 
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DISCUSSION 


DR. JOHN H. GIBBON, JR., Philadelphia, Pa.—-One point in the first slide Dr. 
Fauteux showed was very interesting, for it gave the impression that massage and intra- 
cardiae adrenalin were contraindicated after the first three minutes of cardiac arrest because 
of hyperirritability of the heart, and that if these measures were applied between the third 
and ninth minutes after cardiae arrest, the heart would go into fibrillation. 

A number of years before the war, we arrested the flow of blood through the heart 
by completely occluding the pulmonary artery and studied the changes in the brain after 
prolonged periods of arrest of the blood flow through the heart and lungs. Cats were used 
and the pulmonary artery was clamped. The circulation was completely occluded because 
the retinal vessels were observed, and after thirty or forty seconds, the blood, which had 
formed into beads in the retinal vessels, had come to a complete standstill. 

The operation was performed under sterile conditions, and cats survived weeks 
afterwards, some of them requiring tube feeding. The only measures of cardiac resuscitation 


employed were massage and, occasionally, adrenalin. The length of time of complete stoppage 
of the flow of blood was between three and seven minutes. 

As I gathered from Dr. Fauteux, that is the period when those measures should not 
be employed. There may be a difference between animal species. Our observations were made 
on cats, and Dr. Fauteux was working with dogs. I can only state that we were successful in 
resuscitating the heart by those measures in that time in cats, and had them live for weeks 


afterward. 


PRESIDENT CLAUDE 8S. BECK, Cleveland, Ohio.—There are a few instances of 
spontaneous recovery from ventricular fibrillation in the human, but this is so exceptional that 
ventricular fibrillation is generally regarded as a fatal condition. In animals, the result is 
variable. In a cat, the condition can be made to disappear readily with recovery of normal 
rhythm. In the dog, it is always fatal unless special methods are used to bring the heart 
out of fibrillation. 

This is an important subject for surgeons, more important than we might realize. I 
lost a patient on the operating table from ventricular fibrillation and if I had had a method 
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for defibrillation then as exists at the present time, this patient’s life might have been saved. 
The patient had a compression scar on the heart. The sear had been cut through down to the 
heart muscle and was being rolled on the finger away from the heart, using sharp dissection. 
In doing this the descending ramus of the left coronary artery apparently was occluded, 
which produced ventricular fibrillation. Massage and adrenalin were of no value in 
restoration of the normal rhythm. The methods used by the physiologists at that time for 
defibrillation of the heart were of no practical value. They used potassium salts on the heart 
to get the heart out of fibrillary twitchings. This produced a large flabby heart. Caleium 
salts and adrenalin were then used to restore tone, without success. Then the method of 
shocking the heart, which was first described in 1899, was reintroduced. This method was 
not successful in our hands. The ventricles went back into fibrillation after the shock was 
applied. To this method we added the use of novocain which could prevent recurrence of 
fibrillation. This method was successful. This method of defibrillation can be applied to 
all those conditions that are of a reversible nature. These are the sudden deaths in the 
operating room from anesthesia, from drugs, from manipulation of thoracic viscera, ete. 

What the surgeon usually does when this condition occurs is to give the patient artificial 
respiration and to inject adrenalin into the heart. Sometimes he will massage the heart by his 
hand. In a few minutes the brain sustains irreversible damage, the heart does not start, and 
nothing further can be done. And when the proper method of defibrillation is carried out, it 
has been my experience that anoxia has already killed the respiratory center before the 
oxygen system can be re-established. The breathing center must be kept alive if we are to be 
successful. This can be done by mechanical respiration plus massage of the heart. If the 
brain centers are kept alive then the heart can be successfully defibrillated. 


DR. EVARTS A. GRAHAM, St. Louis, Mo.—Would Dr. Fauteux tell something about 
the requirements of resuscitating agents with particular anesthetic substances? I understand 
that there is, for instance, a particular danger in producing ventricular fibrillation if one 
uses a combination of adrenalin with cyclopropane. 

There was a very interesting article pertaining to the question in the American Journal 
of Pharmacology and Experimental Therapeutics, in 1939, by three or four authors, one of 
whom was Orth and another Leigh. They showed in that article that there was a particular 
danger of throwing the heart into ventricular fibrillation if adrenalin is injected in the course 
of cyclopropane anesthesia; however, neosynephrin was a much safer substance to use. 


DR. OTTO C. BRANTIGAN, Baltimore, Md.—I would like to report a rather unusual 
cardiac resuscitation in a 24-year-old white girl. 

Arrest of cardiac motion occurred from no demonstrable cause at the completion of the 
intrathoracic portion of a lobectomy of the upper lobe of the right lung. An intratracheal 
tube was in place and by this means the lungs were kept well inflated with oxygen throughout 
the period of resuscitation. Ordinary massage of the heart was first carried out wth only 
twitching of the heart in response. It soon became evident that the more vigorous manip: ation 
of the heart gave better results, since a few beats of the heart were observed when the hand 
was removed from the heart. Finally the hand was foreed posterior to the heart and the 
other hand placed over the rather pliable sternum; thus, bimanual pressure and release 
was applied at the full strength of the operator. Each time the hand was removed for ob- 
servation of the heart, a few beats would be evident, but arrest of its action would again 
occur. The operator was unable to carry on uninterruptedly, and accordingly was relieved 
by the first assistant. Thereafter pressure and release were carried out alternately by the 
surgeon and the first assistant. 

After about twenty-five minutes it seemed ridiculous to continue, but each time the 
hand was removed, twitchings or a few beats of the heart were evident before complete cardiac 
arrest again occurred. At the end of thirty-five minutes of such vigorous manipulation, the 
heart rather suddenly began to beat spontaneously. The rate of beat rapidly increased to 
about 120 per minute and in a very few minutes the blood pressure was in the neighborhood 
of 80 mm. of mercury. 
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Closure of the chest wall was delayed for fifteen minutes in order to allow time for 
observation and more complete recovery of the heart. The operation was completed and the 
patient made an uneventful recovery. She did not develop mental changes nor cerebral 
manifestations of any kind. 


DR. CLARENCE CRAFOORD, Stockholm, Sweden.—All the cases of pulmonary emboli 
which I have operated on, which number twenty-three, have had heart arrest for a time. 

The type of resuscitation which we have used has been novocain in the pericardium it- 
self, vigorous massage, taking the heart in the hand and squeezing it in about the same 
rhythm as the normal heartbeat, and adrenalin 1/1,000 intracardially. In about half of those 
cases we have had, we have been able to get the heart going again. 

The ones who died, all died because of cerebral damage, caused by too long a period 
of anoxemia of the brain, not from the heart itself. 

In dogs I have had the aorta and the pulmonary artery clamped together at the heart 
base with a clamp for as long as up to twenty-three minutes. Actually, during the time those 
vessels were clamped, we had the brain of that dog circulated from another dog lying be- 
side it. 

We used the same type of resuscitation and were able to get heart action again. 

The heart in the clamped dog did not stop completely before from three to six minutes 
after the clamp was placed. 

I have had dogs living and quite normal, about a year after this operation. 


DR. MERCIER FAUTEUX, Boston, Mass.—Direct myocardial stimulation of any kind 
during ecardiae standstill can provoke ventricular fibrillation as long as cardiae ischemia still 
associated with an abnormal degree of cardiac irritability exists. These two conditions, ap- 
parently essential for the initiation of ventricular fibrillation during cardiac standstill are, 
indeed, likely to appear in a variable time, depending mostly on the state of the myocardial 


tissues before cardiac arrest. 

I agree with Dr. Beck that the old methods to revive the heart after ventricular fibrilla- 
tion by administration of potassium and calcium are not practical. 

About the use of members of the cocaine group to decrease cardiac irritability and pre- 
vent ventricular fibrillation, it is an old procedure known as valuable since 1884. It was ad- 
voeated by Francois-Franck and used by many others in the past years. 

I believe that any type of general anesthesia, chloroform, ether, as well as cyclopropane, 
“an determine ventricular fibrillation when adrenalin is administered during the period of 
induction or at any time the patient is under light anesthesia. When anesthesia is deep, the 
drug is apparently less apt to initiate ventricular fibrillation. These facts have been empha- 
sized by Levy and many other workers. The mechanism of fibrillation in such instances is 
apparently still obscure. Probably general anesthetics can have at a certain moment a de- 
pressive action on the conductive system and in such a condition cardiac stimulation provoked 
by adrenalin is sufficient to create heterotopic centers leading to fibrillation. 





TWO UNUSUAL TUMORS OF THE STERNUM 


THoMAS J. KinsELLA, M.D., S. Marx Wuirte, M.D., anp R. W. Koucxy, M.D. 
MINNEAPOLIS, MINN. 


UMORS of the sternum are of rare occurrence. Even in the large clinies, 

the number of cases reported is very small in proportion to other types of 
tumors, with Crile, in 1936, reporting only sixteen from the complete files of 
the Cleveland Clinie, and Macey and Phalen, in 1943, only fourteen from the 
entire Mayo Clinie experience. The occurrence of two of the rarer types of 
sternal tumors in the practice of one physician within a single year is all the 
more phenomenal with such a background. 

Tumor masses of the sternum may be primarily benign, malignant, meta- 
static, or inflammatory in their origin. Metastatic tumors occur most commonly, 
with primary malignant growths next, then the inflammatory masses, and last 
and rarest of all, the primary benign tumors. The task of attempting to compile 
all recorded cases is a very difficult one because of incomplete reports, inade- 
quate descriptions, and confusing pathologie diagnoses. It has been aided very 
materially by the excellent collective reviews on the stbjeet presented previous- 


ly by Parham, Heuer, Hedblom, Crile, Sommer and Major, and others, The 
following tabulations of cases of the various types collected from the literature 
will give an adequate idea of the types and relative frequeney of each variety 
of tumor. 


METASTATIC TUMORS 


Metastatic tumors are encountered more frequently than any other con- 
dition affecting the sternum, and constitute nearly 38 per cent of the reported 
cases. There must be very serious doubt, however, that anything approaching 
a complete recording of all metastatic lesions to the sternum appears in’ the 
literature. Carcinoma of the thyroid appears to be the most frequent primary 
tumor to give sternal metastases, with twenty-three such cases recorded, while 
carcinoma of the kidney or hypernephroma appears next, with twelve. Both 
of these tumors commonly give pulsating metastatic masses in the sternum 
(eleven of twenty-three carcinomas of the thyroid, and nine of twelve of 
hypernephroma). These are the only sternal tumors, either primary or sec- 
ondary, in which expansile pulsations have been deseribed. Nine cases of 
lymphoblastoma, and thirteen of carcinoma of the breast are recorded, with 
only seattered cases from other primary sites. Any portion of the sternum 
may be involved, though the upper segment is affected slightly more frequently 
(manubrium seventeen, sternal eclavicular joint nine, entire sternum eight, 
and gladiolus ten times). As might be expected from the nature of the eondi- 
tions presented, treatment has been rather unsatisfactory ; excision operations 

Read (by title) at the Twenty-Sixth Annual Meeting of The American Association for 
Thoracie Surgery, Detroit, Mich., May 29, 30 and 31, 1946. 
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have not produced results to justify the extensive surgical procedure involved, 
and radiation therapy, except in the lymphoblastoma group, has not proved 
much better. 

PRIMARY MALIGNANT TUMORS 

Primary malignant tumors of the sternum appear second in frequency 
to the metastatic lesions, with fifty-two cases recorded. As one would expect, 
the majority of these tumors have been sarcoma of one type or another. A 
variety of types of sarcoma have been recorded. The cases have been almost 
equally divided between the two sexes, with eighteen reported in males and 
sixteen in females. The age distribution has varied from 12 to 69 years of 
age, with a rather even seattering over the various decades, four cases are 
recorded between 12 and 20, four cases from 21 to 30, eight cases from 31 to 
40, eight cases from 41 to 50, six eases from 51 to 60, and one at the age of 69. 
The manubrium was involved in fourteen, the sternoclavicular joint in one, 
the gladiolus in thirteen, the whole sternum in two, and the xiphoid in one 
patient. 

The records are incomplete in many of the cases. Twenty-six of the tumors 
were treated by resection of a more or Jess radical type, with twenty recoveries 
and five deaths from surgery. Eight of these patients who recovered from 
the surgery are recorded as showing recurrence sometime later, with no late 
reports in nine patients. From the figures available, it would appear that the 
results presented would seem to justify radical resection on a short-term basis, 
but that late results cannot be evaluated from the data available. Curettage 
or local excision would appear to offer little in a curative way. Two patients 
treated by Coley’s toxins were reported as improving, but no late results were 
reported. From the literature reviewed, there would appear to be insufficient 
data to evaluate the results of radiation therapy. 

Among the other cases of malignant tumor of the sternum reported in 
the literature, there is one patient with myeloid sarcoma reported by Konig 
in 1882, and a myelosarecoma by Angeleseu and Stoia in 1932, a ‘‘myeloid 
tumor’’ which could have been a carcinoma of the kidney, by Malloizel in 1904, 
an endothelioma, by Macey and Phalen in 1943, a vascular sarcoma or aneurysm 
uneonfirmed by operation or biopsy, by Zinninger in 1930 (a pulsating tumor), 
two eases of myeloblastoma, by Macey and Phalen in 19438, and ‘‘myeloma,’’ 
by Turner in 1915, unconfirmed by biopsy operation or blood studies and treated 
by radium with recovery and return to work. There has been but one case of 
solitary plasma cell myeloma reported in 1938 by Scheinker with involvement of 
the gladiolus. No treatment was given, the patient dying soon from a Landry ’+ 
paralysis. 

BENIGN TUMORS OF THE STERNUM 

The commonest benign tumor of the sternum reported in the literature 
is chondroma or enchondroma, of which eleven cases are recorded. Four of 
these have been described as chondroma, four as enchondroma, one as a vas- 
cular enchondroma, and one as an osteochondroma. An additional ease re- 
ported by Heuer as chondroma has been listed with the sarcomas because of 
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the metastases which appeared within the year. Another patient reported 
by Dudon in 1890 as having enchondroma had had a previous operation twenty- 
seven months before, was then treated by resection of the manubrium with a 
portion of the gladiolus with recovery followed by local recurrence, which may 
indicate that the tumor was of low-grade malignancy. Five were treated by 
more or less radical resection with recovery, and two by local excision, one dying 
of pyemia in five days, the other recovering. Two cases were reported by 
Sommer and Major in 1942, one treated by resection was reported free of 
trouble seven and one-half years later, another treated by local removal was 
likewise well four years later. No late results are available in the other eases. 

A series of six tumors was reported by Bardenheuer in 1885 as ‘‘fibroid 
tumors’’ of the manubrium, treated by radical resection with four recoveries 
and two deaths. No vathologie diagnoses were given and no late results reported. 
Other cases recorded include two cases of eyst of the sternum, one listed as a 
congenital serous cyst and one as a dermoid eyst, and a ease of Von Reckling- 


hausen’s disease involving the sternum reported by Gougerot and Meyer-Heine 
in 1935. From these reports it would appear that benign tumors of the sternum 
may be treated by resection with satisfactory results without undue danger. 


As a considerable number of the reported cases of resection were done years 
ago before modern thoracie surgery developed, the results must be considered 
excellent, and even better may be expeetd under modern handling. 


INFLAMMATORY MASSES 


There are thirty-three instances of inflammatory masses involving the 
sternum which we have collected from an ineomplete review of the literature. 
These have been derived from a number of causes, including acute and chronic 
osteomyelitis, tuberculous osteoriyelitis, gumma, acute abscess, and, more re- 
cently, eosinophilic granuloma. In addition to this, eehinocoecie involvement has 
been reported with increasing frequency (thirteen eases). A report by Bauer 
in 1912 mentioned four eases of sternal involvement among 243 cases of bone 
involvement with echinococeus cyst. Pasquale, in 1930, reported nine cases 
among 406 additional bone eases of echinoeoeceus disease. Sinberg, in 1936, 
reported a patient treated by drainage with recovery. Inflammatory lesions 
of the sternum are not likely to be confused with tumor if a careful study of 
the condition is made. Drainage had been carried out in a number of instances, 
with resection in others, even in tuberculous osteomyelitis. 

CASE 1.—A. C. K., aged 33, was first seen on April 18, 1945, complaining of a growing 
lump on his breastbone. His past history was entirely negative except for a tonsillectomy 
in 1941 and a cholecystectomy in November of 1943. He had been perfectly well until 
late August, 1944, when, while pitching in a game of softball, he was struck over the 
sternum by a line drive. He stated that the blow hurt at the time but that the skin was 
not broken, there was no disability, and he continued pitching that game and pitched another 
later the same afternoon. He then forgot about the incident until sometime later, perhaps 
in late October, when he first noticed a lump appearing over the body of the sternum. This 
increased slowly in size until January, 1945, following which it seemed to grow more rapidly. 
At times the lump was somewhat tender, but there was no spontaneous pain except oceasion- 
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ally when coughing. There had been no other symptoms and his general health had been 
good. There has been a slow, steady gain in weight. 

Physical examination revealed a well-developed, well-nourished adult white male, 6 
foot 1 inch tall, weighing 170 lb. The temperature was normal, the pulse 70 and the blood 
pressure 122/70 mm. mercury. The thyroid showed a small, firm nodule in the right lobe, 
bat no signs of hyperthyroidism. The chest and heart were negative except for the find- 
ings in the sternum which presented a raised, slightly irregular, nodular prominence of a 
bony consistency occupying the entire gladiolus, measuring 5 by 12 em., and raised 1.5 em. 
above the normal sternal level. The overlying skin showed no change and was not adherent. 
There was definitely no pulsation present, and no bruit or thrill. The abdominal findings 
were negative except for a right upper rectus scar. 

The hemoblobin was 15.5 Gm. (92 per cent), erythrocyte count 4,650,000, leucocyte 
eount 7,10), polymorphonuclear leucocytes 63 per cent, lymphocytes 19 per cent, monocytes 9 
per cent, eosinophiles 8 per cent, and basophiles 1 per cent. The sedimentation rate was 7 mm. 
The blood complement fixation test for syphilis was negative. The blood phosphorus was 4.18 
mg. per cent and the blood calcium was 10.53 mg. per cent. The coagulation time was 3 minutes 
and 30 seconds, the bleeding time 3 minutes and 10 seconds. Blood grouping was group 
IV (O), Rh positive. The urine specimen showed a pH of 6.5, specific gravity 1.020, 
albumin and sugar negative, one epithelial cell and one leucocyte per high power field micro- 
scopically. Examination of the urine for Bence-Jones protein was negative. A twenty- 
four-hour urine specimen, 1,980 ¢.c., showed 18.06 mg. phosphorus per 100 c.¢., total phos- 
phorus 357.89 mg. per 24 hours, calcium 13.42 mg. per 100 e.c. and total output of cal- 
cium 265.72 mg. per 24 hours. 

X-ray examination of the chest on May 3, 1945, revealed the diaphragm, heart, and 
mediastinal shadows as normal and the lung fields clear. X-ray films of the ribs, skull, 
and both wrists showed no evidence of destructive bone lesion. X-ray films of the sternum 
made in oblique and lateral positions and planigrams show a rather marked irregularity in 
outline of the body of the sternum, there being loss of the trabecular pattern which appears 
to be replaced by a homogeneous type of density which is rather markedly reduced from 
the normal. The findings, therefore, suggest some type of tumor of the body of the ster- 
num, which has largely infiltrated the entire bony structure, has produced rather marked 
decrease in the density as well as the trabecular pattern, and has produced an irregularity 
in outline, especially along the medial margins. The findings suggest some type of cystic 
tumor which is apparently of a destructive nature. 

A tentative diagnosis of primary benign giant cell tumor of the sternum was made. 
Several diagnostic possibilities were considered before this diagnosis was reached. Multiple 
myeloma was excluded on the basis of the patient’s age (33), the absence of involvement of 
the ribs and skull, the character of the tumor itself with an intact bone shell and the bony 
septa extending through it, and the absence of Bence-Jones protein in the urine. The possibility 
of this lesion being a manifestation of osteitis fibrosa cystica of parathyroid origin was 
likewise considered, because of the palpable mass in the thyroid. This was ruled out as a 
probable diagnosis by the normal x-ray of the ribs on both sides, the normal blood caleium 
and phosphorus values, and the normal urinary calcium and phosphorus, A thorough search 
was made for other primary tumor sites, including the kidneys, without finding a primary 
tumor from which this could be metastatic. The possibility of a primary malignant tumor 
was likewise considered, but the x-ray picture of the intact bony shell and lack of evidence 
of local invasion were considered to favor a benign growth. Excision of the involved per- 
tion of the sternum, therefore, was recommended. 

The question of the advisability of removal of a biopsy specimen was considered but 
rejected on the ground that a delay would be entailed, following the biopsy by the neces- 
sity for decalcification and preparation of the material for study, that it seemed inadvisable 
to break the apparently intact shell of the tumor mass, and because the same contemplated 
procedure would be carried out in spite of the biopsy report. The operation was, there- 
fore, planned as a total excision of the involved portion of the sternum with adjacent carti- 
lages, and because of the size of the tumor and the wide defect which would be left, re- 
construction of a stable chest wall at conclusion of the operation was decided upon. 
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Before undertaking this extensive resection of the sternum, considerable thought was 
given to the problem of stabilization of the chest wall and the necessity for this in a young, 
healthy, robust individual of very active physical habits. Certainly a chest wall defect of 
the size produced by excision of this tumor would leave a large defect which, if unrepaired, 
though covered by skin and subcutaneous tissue, would permit rather violent paradoxical 
motion of the underlying pleura and mediastinal structures, particularly under effort, and 
would afford no bony protection for the underlying heart and great vessels. Both of these 
would be a distinct handicap and hazard to a young man leading an active life. Partial 
stabilization of the defect by a massive fascial transplant was considered but rejected as 
inadequate to provide the desired stability. The possibility of providing a pad and metal 
plate to protect this area was likewise rejected as unsatisfactorily. 

The desirability of providing bony support to this portion of the chest was appreciated. 
The possibility of using rib for reconstruction of the sternum was considered, but realizing 
the difficulties of fitting the curved pieces in such a manner as to provide immediate as well 
as late stability, it was considered undesirable except as a source for bone chips later used 
in the reconstruction. A tibial bone graft was decided upon as the best source of bone 
which could be fitted accurately and fixed to give the desired support immediately, as well 
as to provide a scaffold to which new bone could become attached, in spite of the extra 
operating time which would be required in procuring and shaping it to the desired pro- 
portions. The use of a second operating team to carry out this work simultaneously with 
the work would have aided very materially, but during wartime this was not available, so all 
the work was carried out by one surgical team. The type and character of the reconstruction 
are best illustrated by the schematic drawing, Fig. 5, Plate I. 


OPERATIVE PROCEDURE 


The operation was carried out on May 4, 1945, at St. Mary’s Hospital with the patient 
under pentothal-ethylene intratracheal anesthesia administered by Dr. William A. Friend. A 
wide segment of the left posterior ninth rib was resected subperiosteally and the bone saved 
for future use as chip grafts. The wound was closed and the patient turned onto his back. 
The right shin was prepared, and from the anterior tibial surface a large bone graft 2 em. 
wide and 25 em. long was removed with an electric saw, and preserved in a sterile manner 
for future use in reconstruction of the chest wall. A long, transverse incision was made at 
the level of the third interspace anteriorly extending from the left to the right nipple line. 
The skin flaps were dissected up to expose the sternal mass from top to bottom. 

A vertical incision was then made in the midline through the fascia of the pectorals, 
and this fascia and the pectoral muscles were dissected off the tumor mass and retracted 
laterally. A piece of the fourth costal cartilage on the right and the left sides was then 
resected subperichondrally, and the posterior perichondral bed was incised to admit the 
finger for dissection of the pleura from the mass and the chest wall beyond the margins of 
the sternum. The costal cartilages of the second to the seventh ribs on both sides were 
then cut parallel to the border of the sternum about 2 cm. lateral to the tumor. In doing 
so, the internal mammary vessels were injured on both sides, necessitating ligation. By 
finger dissection, the posterior aspect of the manubrium was freed and found to be without 
tumor involvement above the manubriosternal junction. A Gigli saw was passed underneath 
the manubrium, which was then cut across about 2 cm. above the tumor. 

The tumor mass was then freed carefully by finger and gauze dissection from the 
underlying pleura, and retracted toward the left. In so doing the right pleural cavity was 
opened and a small pneumothorax developed. This leak was controlled by digital pressure 
until the right pleura was completely free from the tumor, when the lung was completely 
expanded by the anesthetist and the pleural defect closed with a fine chromic catgut suture on 
an atraumatic needle. Dissection of the pleura from the posterior aspect of the tumor was 
somewhat difficult, as the pleura was quite adherent, although there was no evidence of 
invasion of the tumor beyond its shell. With the right pleural cavity closed, the dissection 
was then carried toward the left where the tumor was freed from the left pleura, but in so 
doing the left pleural cavity was also entered in one small area. Following the removal 
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of the tumor the left lung was expanded by the anesthetist and the pleural defect was closed 
in a manner similar to that used on the right. After removal of the tumor mass we were 
confronted with a large anterior chest wall defect through which the respiratory and peri- 
cardial activities were quite marked. 

The stability of the chest wall was then re-established by using the tibial bone graft 
previously removed in the following manner. The excised bone graft was split longitudinal- 
ly with a motor saw, leaving two strips, each 1 em. wide, which were then cut to the desired 
length to reach from the lower end of the cut manubrium to the severed seventh cartilage 
and xiphoid below. These were fitted to either side of the defect in vertical position and 
marked across at the level of each cartilage. Two holes were then drilled through each 
vertical bone graft in a position to correspond to each cartilage as well as to the manubrium 
at the upper end. The bone plates were then put into position and fixed to the manubrium 
above and to each abutting cartilage with mattress sutures of chrome wire. Two cross 
pieces of the bone were then fitted transversely between the vertical two as the rungs of a 
ladder, and wired into position at the levels of the third and fifth anterior cartilages. This 
afforded a rigid ladderwork and gave a perfectly stable chest. 

The mediastinal structures posterior to the ladder were then approximated to it with 
interrupted chromic catgut sutures in order to obliterate the dead space. All remaining 
pieces of tibial bone as well as the excised portion of the ninth rib were then cut up into 
fine bits which were sprinkled loosely into the defect between the ladder, and 214 Gm. of 
sulfanilamide were sprinkled over this area. The pectoral muscles and fasica were then 
approximated at the midline by a series of’ interrupted and continuous chromic catgut 
sutures and the fascial layer pulled down to the bone ladder by transfixing it with the long 
ends of the catgut sutures previously used to bring up the mediastinal structures against 
the posterior aspect of the ladder. A needle was then inserted through the muscle flaps, all 
air was aspirated and 100,000 units of penicillin in saline solution were injected. The skin 
flaps were then brought down, the subcutaneous fascia closed with interrupted plain cat- 
gut sutures and the skin with a running dermal suture. A small pad was placed over the 
incision and a small aluminui splint strapped down over the sternal region with broad 
straps of adhesive in order to obliterate all dead space. 

The patient tolerated the procedure very well and was given 3,000 c.c. of blood, 250 
c.c. of plasma, and 400 ¢.c. of normal saline while on the table, and was returned to his 
room with a blood pressure of 110/85 mm. mereury. His postoperative condition was quite 
satisfactory. During the first three days there was some febrile reaction due to sputum 
retention which was relieved by spontaneous cough. There was some oozing from the site 
of the tibial graft. Healing occurred by primary intention in all wounds except for one 
small area of skin necrosis apparently from interruption of the local skin blood supply in 
dissecting the flaps. The patient was continued on penicillin for thirteen days with a total 
of 980,000 units being given. Sulfadiazine was also administered for a period of nine days. 

He was discharged from the hospital on the twenty-seventh postoperative day, ambula- 
tory, on crutches, with a short leg brace fitted to the right lower extremity to protect this 
member from fracture because of the weakening produced by the very large bone graft 
which was removed. The chest wall was stable from the start and has remained so with 
no evidence of paradoxical chest wall motion. The patient was able to cough and expecto- 
rate spontaneously from the day of operation although there was considerable associated pain. 
While subsequent x-rays showed a breaking of a number of the wires used in the recon- 
struction of the sternum, the bone transplants remained in place and apparently served 
their purpose. The short leg brace was worn for twelve weeks as a precautionary measure. 
The patient resumed his activities almost at once, returning to full work within three months 
of the time of his surgery, then taking up flying and acquiring a private flying license 
within six months of his operation. He has remained in good health carrying on activities 
of all types. 

Pathological report.—Grossly, the specimen consists of a tumor mass in the body of 
the sternum. The tumor measures 214 inches in width, 214 inches in thickness, and is 
5 inches in length. The tumor is a uniform oval mass with almost no lobulation. A thir 
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Plate I—A. C. K. Aged 33. Benign giant cell tumor of the body of the sternum. 


Fig. 1.—Preoperative 
tumor mass, 

Fiz. 2.—Lateral x-ray 
film of tumor. 

Fig. 3.—Oblique x-ray 
film of tumor. 


Fig. 4.—Chart showing 
extent of resection of the ster- 
num. 


Fig. 5.—Drawing of re- 
construction of the sternum by 
tibial bone graft and _ bone 
chips. 

Fig. 6,—Late postopera- 
tive lateral x-ray of recon- 
structed sternum. 
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Plate II.—A. C. K. 


Fig. 1.—Photograph, lateral view 
of resected tumor. 

Fig. 2.—Sternal tumor split 
longitudinally. 

Fig. 3.—Postoperative photo- 
graph of chest one year following 
surgery. 

4 Fig. 4.—Photomicrograph of be- 
nign giant cell tumor of the sternum, 
” low power. 
hog é ’ Fig. 5.—Photomicrograph of be- 
o. nign giant cell tumor of the sternum, 
: high power. 
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shell of bone, averaging about 3 mm. in thickness, forms a capsule for the tumor. No perfo- 
ration through this shell of bone can be found. The tumor is solid, firm, and pink in color, 
and has a fibrous texture. 

Microscopic examination shows that the tissue is almost entirely fibroblastic in. struc- 
ture. Imbedded in the fibrous matrix are large numbers of giant cells. There is no 
suggestion of malignancy. Dr. HK. T. Bell and Dr. A. C. Broders independently interpreted 
the tumor as a benign giant cell tumor. 

This diagnosis was subsequently certified by the Tumor Registry of the American 
Institute of Pathology, AIP Accession # 168780. 

Late postoperative x-rays of the chest on July 13, with detail films of the region of 
the sternum and films of the right leg showed a linear defect in the middle and proximal 
third of the tibia, extending slightly into the distal third and representing removal of a 
large segment of the anterior portion of the tibia for transplant into the region of the 
sternum. There was evidence of new bone formation at the site of the removal of the bone 
rom the tibia, where a partial reconstruction had taken place and there was no evidence of 
any complication at the site of the tibial resection. Two linear fragments of bone were 
demonstrated in the somewhat V-shaped position in the region of the sternum, with two 
smaller crossbars shown in the upper and lower portions of the sternal region. Multiple 
wire loops were shown in this region with some of these apparently connecting the larger 
transplant to the costal cartilages while others connected the crossbars to the main trans- 
plant. Some of these wires had been broken. There was some overlapping of the cross- 
bars over the main transplant; the wire loops had become disengaged. A lateral film, how- 
ever, showed good alignment of the transplant in this direction. It was impossible to 
determine the amount of new bone formation. Partial resection of the left ninth rib was 
demonstrated. The lungs were otherwise clear. 


An extensive search of the literature and a review of collected series reveal 
authenticated reports of giant cell tumors involving many bones of the body, 
but thus far we have been unable to find any mention of giant cell tumor 
involving the sternum. It may be that this is the first authenticated case of 
giant cell tumor of the gladiolus sterni. The question may now be raised that 
had we known that this was a benign giant cell tumor of the sternum, should 
we have treated it by x-ray, by curettage, or by resection? These questions were 
debated before the surgery was undertaken. It was then and it is now our 
opinion, that in this instance surgical excision and reconstruction of the sternum 
would be a far more satisfactory answer to the problem than either of the other 
methods. With the uncertainties of diagnosis which were present at the time, 
it presented a very satisfactory answer to the problem. 


CASE 2.—G. N. D., aged 60, a white man, president of a department store, was first 
seen in consultation Feb. 15, 1946, with Dr. S. Marx White because of a tumor mass involving 
the manubrium sterni. His past history was negative except for a slight chronic arthritis, 
during the study of which some dental apical abscesses and a mild, chronic, nonspecific pros- 
tatitis were treated as possible foci. For a number of years he had also had moderate, rather 
labile hypertension without symptoms. 

Present complaint.—For the previous two years there had been a gradual development 
of a rounded, projecting tumor mass from the manubrium sterni, which the patient thought 
was due to coughing. There was no history of trauma and no pain or tenderness. The 
growth was slow and gradual for the first ten months with slight if any growth since that 
time. There had been no weight loss. The tumor was beginning to interfere with bending his 
head forward and with the fit of his shirt collar. 

Physical examination revealed a well-nourished, well-developed adult white man present- 
ing no abnormality except for hypertension 206/106 mm. of mercury, with a corresponding 
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slight cardiac enlargment. His hypertension was not constant, as at times the pressure was 
found as low as 170/90 mm. of mercury. There was a smooth mass about 8 cm. in diameter 
projecting anteriorly from the manubrium sterni. It was bony hard in character and fixed 
in position. There was no pulsation, no tenderness, and no skin change. The skin and sub- 
cutaneous tissues moved freely over it. The clavicles and sternoclavicular joints apparently 
were not involved, nor was their motion restricted. 

The hemoglobin was 12 Gm., white blood cells 8,250, with 67 per cent polymorphonuclears 
III and 2 per cent polymorphonuclears II, 26 per cent lymphocytes, 4 per cent mononuclears, 
and 4 per cent eosinophiles. The bleeding time was one minute and fifty seconds. The blood 
calcium was 7.00 mg. per 100 ¢.c. on Jan. 15, 1946, and 8.9 mg. on January 30. The blood 
phosphorus was 2.6 mg., blood phosphatase 2.6 mg., and the total protein 8.6 Gm. per 100 c.c. 
of blood. Urinalysis revealed a pH of 7.5, specific gravity of 1.014, albumin two plus, sugar 
negative, two to three leucocytes and one to three red blood cells per high power field on one 
examination, but none subsequently. There were no casts present. Examination for Bence- 
Jones protein showed a questionable faint trace on one examination, but four subsequent 
tests were negative. 

X-ray films of the chest showed increased bronchovascular markings throughout of a 
diffuse type suggestive of bronchitis, with some calcification of the aorta. There was a 
slight cardiac enlargment of a hypertensive type. The ribs presented no evidence of disease. 
X-ray examination of the sinuses revealed that the right antrum was cloudy and the right fron- 
tal sinus somewhat hazy. The skull showed no evidence of bone destruction but there was a slight 
granular appearance with uneven calcification suggesting some disturbance of the calcium- 
vhosporus metabolism. X-ray studies of the pelvis showed some phleboliths on both sides 
with slight possible increased density in the bones on the right side. An x-ray film of the 
knee was negative. Intravenous urograms showed both kidneys, pelvis, and ureters well visu- 
alized, and they appeared to be entirely normal. The calices of both kidneys were some- 
what elongated, but this appeared to be on a congenital basis and did not suggest renal 
tumor. The spine showed a fairly marked hypertrophic arthritic change and a slight scoli- 
osis of the lumbar spine toward the left. 

Roentgenograms of the sternum in multiple views taken in the oblique and lateral pro- 
jections showed a multiloculated, expanding tumor involving the manubrium, without involv- 
ment of the body of the sternum. The normal pattern of the manubrium was replaced by a 
cystic type of pattern with multiple irregular lines of density which apparently represent 
the outlines of small cysts. The manubrium was expanded both in the mediolateral and an- 
terior-posterior direction, but apparently the outer margins of the manubrium were not 
destroyed. The findings indicated a multiloculated, cystic type of tumor expanding the manu- 
brium but without definite destruction of any of the vertical margins. 

The diagnostic problem here was not simple. Because of the slow growth and apparently 
static course in recent months, a benign tumor was suspected. Careful clinical search revealed 
no primary tumor elsewhere which might give rise to metastases to the sternum. There were 
no nodules in the thyroid gland and urograms revealed no evidence of distortion or displacement 
suggestive of renal or adrenal primary tumor. In addition, the tumor did not pulsate. The 
possibility of myeloma was considered, but it was felt that the slow progress of the tumor 
was against this, and the negative findings in the ribs, skull, and other bones was definitely 
against such a diagnosis. The absence of Bence-Jones protein in repeated examinations of 
urine was also against such a diagnosis. There also was the fact that the x-ray studies re- 
vealed evidence of bone deposit at the periphery of the tumor rather than complete destruction 
of the areas involved. The possibility of hyperparathyroidism was also considered because of 
the somewhat cystic nature of the tumor suggested by the x-ray studies, but the normal blood 
calcium and phosphorus values were considered to rule out such a condition. We felt, there- 
fore, that we were dealing with a primary tumor of the sternum and that its local character- 
istics and duration definitely favored a benign type of tumor. With the tentative diagnosis 
of benign neoplasm of the manubrium sterni, surgical excision was recommended. 

Preoperatively, considerable thought was given to the necessity or desirability of pro- 
viding some reconstruction for the portion of sternum and inner clavicles which we planned to 
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remove. This could have been accomplished rather easily by the use of bone graft fitted 
to rebuild the manubrium with a transverse piece above interposed between the two resected 
clavicles. It was decided, however, that the amount of handicap which will follow resection of 
the manubrium without reconstruction would not be great because of its relatively small size, 
and that fixation of the clavicles to each other without an intervening joint could well prove 
a far greater handicap to the individual than leaving the inner ends entirely free. Recog- 
nizing that arm and shoulder motion can be quite adequate without the clavicles, it was 
decided to make no attempt at fixation of the inner clavicle, relying upon the lateral in- 
sertion of the sternocleidomastoid above, the pectoral muscles below, and the subclavius under- 
neath to stabilize the inner end. The correctness of this judgment has been borne out by the 
lack of handicap or embarrassment and a satisfactory arm and shoulder motion presented by 
the patient during the year following his operation. 


OPERATION 


On March 7, 1946, under sodium pentothal, nitrous oxide oxygen anesthesia with 
curare (administered by Dr. R. T. Knight) with the patient in dorsal recumbent position, 
a long transverse incision was made at the level of the third rib extending from nipple line 
to nipple line. The skin and subcutaneous tissues were reflected upward and downward as 
flaps. A vertical incision was then made in the midline through the pectoralis fascia and 
muscle, which were separated by cutting them a short distance from their origin from the 
upper sternum and retracting them laterally. A segment of the inner end of the right and 
left third cartilages were then resected subperichondrally. The perichondrium was then cut 
across and by finger dissection the posterior aspect of the sternum was dissected free across 
the midline at the level of the second interspace. A Gigli saw was passed through this 
area and the sternum was cut transversely at the lower end of the second interspace. Dis- 
section was then carried upward underneath the sternum separating the mediastinal tissues 
from their attachment to the tumor. The posterior aspect of the tumor was somewhat 
nodular and hard but there seemed to be no infiltration into adjacent tissues. The internal 
mammary vessels were ligated on both sides, and the second and first cartilages were freed 
and cut across with a laminectomy shears because of calcification and a bony shell which 
extended out, particularly over the first. 

The sternal and a portion of the clavicular attachment of the sternocleidomastoid was 
then separated, leaving some muscle attached to both bones. The inner 3 em, of the right 
clavicle was then cut off with a Gigli saw, leaving it attached to the tumor mass. The 
tumor was then rotated to the left, the sternothyroid and sternohyoid muscles on both sides 
were clamped and cut close to their attachment to the sternum, and the left clavicle, the 
first and second cartilages were treated in a manner similar to the right. Very small leaks 
were created in both pleurae but the lungs were kept well expanded at all times. All visible 
defects in the pleura were sutured with fine catgut on atraumatic needles but minute leaks 
still persisted. As there appeared to be no excessive motion of the mediastinal structures 
and because of the small size of the defect, it was decided not to reconstruct the sternum. 

After control of all bleeding, the pectoral muscles were approximated across the 
midline with interrupted, followed by continuous, chromic catgut sutures, and the cervical 
fascia, and the lower ends of the sternocleidomastoid and prethyroid muscles were sutured 
down to the upper edge of this approximated muscle. A small catheter was inserted through 
the muscle and into the mediastinal space, all air and fluid aspirated, and 100,090 units of 
penicillin instilled into the wound. The skin flap was then brought down and tacked to the 
underlying muscle, the subcutaneous fascia closed with interrupted plain catgut sutures, and 
a lock stitch of dermal suture placed in the skin. A small drainage catheter was left in place 
under the skin flap for aspiration of fluid as it formed and a pressure dressing was applied. 
The patient tolerated the extensive procedure very well. He received 2,000 c.c. of blood on 
the table and was returned to his room in good condition. 

His postoperative condition and hospital course was quite uneventful except for some 
sputum retention and local atelectasis which developed on the third day and was relieved by 
the use of steam inhalations and hammer percussion over the involved lobe. Sulfadiazine and 
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penicillin were continued postoperatively for seven days. The wound healed without difficulty 
except for a small accumulation of serous fluid under the lower flap which was aspirated on 
three occasions postoperatively. A pressure dressing was maintained under adhesive strapping 
for the first week and was then discarded. Free arm motion was permitted from the start and 
the patient was encouraged to move about and do things by himself. A high back rest was 
used after the first twenty-four hours and active leg exercises were done from the beginning. 
The patient was permitted to sit up on the third day, and was out of bed on the fifth day in 
a chair at the bedside. We then encouraged him to move about and walk, which he did daily 
until his discharge from the hospital on his tenth postoperative day. He resumed his active 
work at the office in approximately a month from the time of his surgery and within two 
months was driving his car and carrying on all of his usual activities. Immediately post- 
operatively, and for the first few weeks after the surgery, there was considerable induration 
in the region previously occupied by the manubrium and inner clavicle, giving a firm chest wall 
and little or no motion. Gradually, however, as the infiltration from operative manipulation, 
and suturing subsided, the tissues became softer and a moderate amount of pulsation and 
paradoxical motion could be observed, but at no time was this distressing or disturbing. 
There was no tendency for the head to be pulled forward by the shortened sternocleidomastoid 
or prethyroid muscles, nor to drop backward because of any laxity of these muscles. No 
support was provided for the shoulders at any time, nor was any necessary, as no disability 
or instability resulted from resection of the inner clavicles. 

Pathologic Report.—Grossly the specimen consists of the manubrium of the sternum, 
about 2 em. of the adjacent ends of the clavicles, and a thin segment of the body of the 
sternum. The manubrium is expanded by a roughly oval tumor which measures 5% by 8 em. 
and is 4 em. in thickness. There is a thin shell of bone over the tumor and in small areas the 
bone is entirely destroyed and the tumor is restrained only by periosteum. There is no direct 
infiltration into the adjacent tissues and no tumor is visible in the short segments of the 
clavicles. The surface of the mass is slightly lobulated. The interior is soft, solid, and can 
be disintegrated readily between the fingers. The tumor is irregularly mottled by reddish and 
white areas. An occasional spicule of bone remains in the interior. 

Microscopic study shows extensive necrosis and disintegration by hemorrhage. The 
viable tumor is very vascular. There is a loose, spongy, fibrous stroma and the spaces are 
filled with cells having striking uniformity. The cells are cuboidal and have prominent nuclei 
without mitotic figures. Some nuclei are eccentric. 

This diagnosis of myeloma was subsequently verified by Dr. E. T. Bell, Dr. A. C. Broders, 
and Dr. E. Schleicher. Later this diagnosis was certified by the Tumor Registry of the 
American Institute of Pathology, Accession No. 168799, as a solitary plasma cell myeloma of 
the sternum. Clinically there would appear to be sufficient evidence to classify it at least 
temporarily as a solitary myeloma. 


DISCUSSION 


In retrospect, several interesting questions present themselves: (1) Could 
this tumor have been diagnosed as myeloma preoperatively? (2) What addi- 
tional evidence could have been obtained to aid in diagnosis? (3) Shoul:l 
it have been excised? (4) Should a reconstruction of the sternum been carried 
out? (5) Is this tumor merely a precursor of multiple myeloma? 

The possibility of myeloma was considered before surgery was undertaken, 
but was ruled out by the long course, the presence of some bone proliferation 
at the periphery of the tumor, the absence of lesions at the favored myeloma 
sites, that is, skull, pelvis, and ribs, and the absence of Bence-Jones protein in 
the urine. He presented none of the six cardinal diagnostic points listed by 
Geschickter and Copeland as suggestive of multiple myeloma, except his age. 
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Plate III.--G. N. D. Aged 60. Solitary plasma cell myeloma of manubrium. 


Fig. 1.—Preoperative 
photograph of tumor. 

Fig. 2.—Oblique x-ray 
film of tumor showing 
trabeculation and intact 
peripheral bony shell, 

Fig. 3.—Lateral x-ray 
film of tumor. 

Fig. 4—Resected 
manubrium wich attached 
inner ends of clav.cies. 

Fig. 5.—Manubr.um 
split longitudinally show- 
ing interior of tumor and 
intact sternum below. 
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Plate IV.—G. N. D. 





Fig. 1. Fig. 2. 


. Fic. 1.—Postoperative photograph of chest one year after operation showing depression at 
site of resected manubrium and prominence of inner ends of clavicles. 
Fig. 2.—Same, showing free arm motion. 





Fig. 3. Fig. 4. 


Fig. 3.—Photomicrograph of plasma cell myeloma, low power. 
Vig. 4.—Photomicrograph of plasma cell myeloma, high power. 
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Biopsy of the tumor certainly would have established the diagnosis, but 
was not done because we did not wish to risk dissemination of an apparently 
localized process. A sternal bone marrow biopsy might possibly have given a 
clue, but this is very doubtful at the stage seen. The bone marrow of the 
clavicles revealed no evidence of myeloma. The blood bank records show that 
considerable difficulty was encountered in preparing blood for transfusion for 
him because cf pseudoagglutination. His serum agglutinated cells from all 
donors, and also his own eells both in the eold and at 37°C. No abnormal 
cells were observed in the blood smears. The total blood protein was 8.6 Gm. 
per cent, but no fractionation was done. The sedimentation rate was not 
recorded. 

The advisability of resection under the circumstances cannot seriously be 
questioned. For benign and primary malignant tumors, primary resection 
was certainly the procedure of choice. The tumor itself was producing tiouble 
enough to justify its removal. Even for a known, apparently solitary myeloma 
of a site suitable for complete excision, operative removal would seem to be 
the logical method of attack. 

Reconstruction of the excised manubrium and inner clavicles was not 
earried out on this patient. The loss of the inner clavicles has been no serious 
handicap, as orthopedie surgeons have known for some time. Stabilized above 
by the clavicular insertion of the sternocleidomastoid, below by the pectorals, 
and posteriorly by the subelavius muscles, the free ends do not project unduly, 
or have excessive motion on exertion. There has been no tendency for the 
shoulders to drop forward, and shoulder braces, as advocated by some, have 
been unnecessary. 

Soon after the operation, induration in the area of the resected manubrium 
gave a firm support to the soft tissues covering the underlying pleura and 
vessels, so that no unusual motion occurred. Subsequently, with absorption of 
the inflammatory reaction, increasing motion appeared with inspiratory re- 
traction and bulging on straining, which, though not a handicap to a man 
of his age and occupation, could have been a hindrance to a young man per- 
forming active physical labor. Reconstruction could have been accomplished 
with a fascia lata transplant, or better by a bone transplant with suture of the 
cervical fascia to the bony framework. 

The question may well be asked if this tumor is truly a solitary myeloma 
or merely a local tumor, a precursor of multiple myeloma. Only time will 
answer this question. To date, one year after resection and three years after 
onset of the tumor, the patient enjoys good health with no complaints of any 
sort suggestive of generalization. His urine still remains negative for Bence- 
Jones protein, and blood specimens reveal no abnormal elements. X-ray 
studies have not been made. Two abnormal laboratory findings, neither clearly 
diagnostic but either suggestive of some disturbance, have been recorded. The 
sedimentation rate is extremely fast, 122 mm. in one hour, with the serum 
albumin-globulin ratio disturbed, serum albumin 4.116 and serum globulin 
4.204 Gm., though the total protein level falls within normal limits. Their 
true significance is unknown. 
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Opinions differ widely on the problem of solitary myeloma. An editorial 
in the Journal of the American Medical Association in 1935 concluded with the 
statement, ‘‘It appears, therefore, that besides the generalized form of myeloma 
with its hopeless outlook, there is a localized form amenable to surgical therapy 
and offering a favorable prognosis.’’ Cutler, Buschke, and Cantril, in 1936, 
reported on eighteen collected cases of which five growths solitary at first, 
later became generalized. The other thirteen growths revealed no generaliza- 
tion during the period of observation. Seven patients, however, had been 
followed for less than nineteen months. Two were alive and well, four and ten 
years after onset. Pasternack and Waugh, in 1939, reported one patient alive 
and well for 714 years. King, in 1940, records one patient with solitary intra- 
osseous myeloma which became generalized four years later. Tennent in 1945 
collected 49 cases of solitary plasmocytoma with one of his own, and records 
30 per cent developing multiple myeloma in from two months to six years, al- 
though only 50 per cent had been followed more than two years. Bayard 
and Heck in 1947 reporting on the Mayo Clinic series of eighty-three proved 
eases of multiple myeloma, report ten patients with local tumor formation, 
but also report that since doing sternal biopsies, no instances of solitary myeloma 
have been recorded. 

It would seem that the apparently localized and solitary type of myeloma 
will be found less frequently if complete studies are made, that the prognosis 
is somewhat less unfavorable than the multiple type, that surgical excision of 
resectable lesions is justifiable, but that the eventual result can be determined 


only by time. The effect of some of the newer drugs now being tried in the 
treatment of myeloma will be watched with interest in the hope that more 
permanent results may be obtained. 


SUMMARY 


Two unusual sternal tumors, a benign giant cell and an apparently soli- 
tary plasma cell myeloma, are presented, and surgical treatment outlined. 
The available literature on benign, malignant, and metastatic tumors and some 
of the inflammatory lesions of the sternum are reviewed and tabulated. 
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INTRODUCTION 

HE purpose of this paper is to present a series of observations on dogs which 

give evidence that acute peripheral blood loss will produce pulmonary patho- 
logic change and circulatory imbalance; that these pulmonary changes are those 
of edema, hemorrhage (Fig. 1) vascular congestion, and endothelial damage, 
with the production of a block to normal circulation; and that, because of the 
stasis in pulmonary circulation which results from these changes, there is de- 
veloped an acute systemic circulatory imbalance in which arterial pressures are 
low and venous pressures are high (Fig. 2). The lung changes which follow 
peripheral blood loss are not transient; they have been observed to last as long 
as five days, and to be aggravated by intravenous therapy if not wisely admin- 
istered as to type and quantity. 

It seems probable that the physiologic changes involved in acute hemor- 
rhage and so-called shock are similar if not identical, and that each of these 
conditions is characterized by acute decline in blood pressure, loss of blood 
volume, slowing of circulation, anoxia, capillary congestion, increase in eapillary 
endothelial permeability, tissue edema, and cardiae insult (Fig. 8). In aeute 
hemorrhage, this physiologic chain reaction is touched off by a loss of blood 
volume, whereas in shock the same series of events may be triggered by a 
cardiac insult or by a mechanism leading to reduction of effective blood volume. 

It must be pointed out that these experiments are affected by individual 
ability of the experimental animal to withstand and compensate for blood loss, 
and that, as in humans, age and physieal fitness seem to be factors in the variable 
findings which result. It seems justifiable to present the results of these ex- 
periments because fundamental principles are involved which may have prac- 
tical application to surgery, postoperative care, and the prevention of post- 
operative pulmonary edema in man. 


Part ONE 


OBSERVATIONS ON PULMONARY ARTERIAL PRESSURE AND PERIPHERAL VENOUS 
PRESSURE FOLLOWING ARTERIAL BLoop Loss 


During experimental studies of the lymph flow from the right thoracic duct 
of dogs, some interesting pulmonary findings were made.’ In response to the 
acute loss of 25 per cent of blood volume from the femoral artery, a stimulation 
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of pulmonary transudation was evidenced by an immediate increase in lymph 
flow from the pulmonary lymphatic duct. Histologic examination of the lungs 
of these animals showed evidence of pulmonary edema, capillary congestion, and 
hemorrhage. The concept that peripheral arterial blood loss could produce 
pathologic change within the lung aroused our curiosity and led to further 
investigation in pulmonary physiology and pulmonary fluid economy during 
and following hemorrhage. 

A study of pressure changes in the peripheral vascular circulation seemed 
desirable when it was apparent that so important an organ in circulatory mech- 
anism as the lung was being damaged by the acute loss of peripheral arterial 
blood. Continuous peripheral venous and peripheral arterial pressures were 
then recorded on the kymograph during and following hemorrhage, and it 
was noted that following an initial pressure fall of both these systems there was 
a period of instability of the venous system in which there was a marked eleva- 
tion in pressure from the femoral vein without corresponding pressure eleva- 
tion in the femoral artery. This observation of an impounded pressure in the 
peripheral venous system seemed to be evidence of circulatory obstruction de- 
veloped either within the pulmonary cireuit or within the right or left heart. 
A study was undertaken to ascertain pressures within the pulmonary artery 
under these same circumstances of hemorrhage. This evidence seemed a require- 
ment, for if the right heart could be eliminated as a cause of this impounded 
venous pressure following blood loss, then pressure changes within the pul- 
monary artery and pulmonary arterial capillary bed could be considered to be 
evidence of a mechanical factor involved, in which damage to the endothelium 
of the pulmonary capillary bed may be augmented by insult to the functional 
ability of the left heart. 

The results of this experimental work have been reported more completely 
in an earlier paper.t' The findings described were consistently observed in seven 
consecutive experiments in which pulmonary arterial pressures and peripheral 
venous pressure were recorded, four with the Wiggers optical manometers (Fig. 
3) and three with the kymograph (Fig. 4). 

Following withdrawal of 20 per cent of blood volume (5 per cent loss 
allowed for operative procedure) an immediate drop of pulmonary arterial 
pressure, systemic arterial pressure (femoral artery), and peripheral venous 
pressure (femoral vein) occurred, as might be expected. In the interval of 
ten to fifteen minutes following blood loss, a slight but perceptible rise in all 
pressure was noted. From twenty to twenty-five minutes later the pulmonary 
arterial pressure increased progressively; from forty to forty-five minutes after 
blood loss, this pressure often reached or surpassed its previously recorded nor- 
mal level; and after about forty minutes of such elevated pressure the pul- 
monary artery pressure fell back to levels comparable to the low systemic arterial 
pressure which was being maintained.* Examination of Fig. 4, which is a 
copy of a section of a kymogram, shows the marked increase in pulmonary 


*On several occasions larger quantities of blood were removed and fatal shock level de- 
pression of arterial pressure produced. In each case the pulmonary artery pressure and the 
peripheral venous pressure continued at excessively high levels, in fact, until the vasomotor- 
collapse of death, these pressures were elevating precipitously while peripheral arterial pressures 
steadily declined, 
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artery pressure which is maintained for an hour or more after peripheral arterial 
blood loss, and Fig. 3 shows this same change recorded photographically with 
a Wiggers manometer. 

At the same time, peripheral venous pressure began rising ten to twenty 
minutes after pulmonary arterial tension started its rise, and usually reached 
its previously recorded normal level an hour or more after blood loss. Periph- 
eral venous pressure inerease has always shown this lag behind the rise in pul- 
monary arterial pressure. This interval may be the time required for pulmonary 
artery impounded pressure to produce right ventricular dilatation and ineom- 
petency, and a spilling over of pressure into the peripheral venous system. 





Fig. 1.—Photograph of lung following hemorrhage with two views showing pleural and 
cut surfaces. A, right lung of a dog in which a loss of 25 per cent of blood volume was sus- 
tained from the femoral artery four hours before sacrifice. Note dark mottled areas of hemor- 
rhage throughout the lower lobe and the lower portions of the upper and middle lobes. B, sec- 
tions through right and left lower lobes showing extensive hemorrhage throughout the right 
lower, and in portions of the left lower lobes. 


The normal relationship between the arterial and venous systems was 
temporarily upset by the changes produced by acute blood loss, and the pressure 
change in the venous system was much greater proportionally than that within 
the systemic arterial system. The evidence of an increase in pulmonary artery 
pressure following acute blood loss seemed to be good proof that a circulatory 
obstruction was produced within the lung itself and aggravated by some failure 
of the left heart. Indeed, changes in pulmonary artery pressure reflect changes 
throughout the entire pulmonary capillary bed. <A rise in pulmonary artery 
pressure is indicative of a rise within the pulmonary arterial capillaries and 
vice versa. This system is a relatively short closed one with the pulmonary 
valve at one end and the capillary tufts at the other, and pressure alterations 
within the lung eapillary bed would quickly be indicated in the pulmonary 
artery. 

CONCLUSION 

1. Peripheral arterial blood loss results in circulatory imbalance character- 
ized by low peripheral arterial pressure and a transient elevation of both pul- 
monary artery pressure and peripheral venous pressure, 
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2. An impounded pressure within the pulmonary artery following periph- 
eral blood loss is evidence that an obstruction to normal circulation exists within 
the lung, the left heart, or both. 
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Fig. 2.—Schematic drawings to show the changes which take place within the vascular system 
when there is acute peripheral arterial blood loss. 


Part Two 


QUANTITATIVE CHANGES IN PuLMoNARY MoisturRE FoLLOWING 
ACUTE HEMORRHAGE 


Data have been submitted (Part One) which show that circulatory imbal- 
ance is produced following acute peripheral arterial blood loss and that. this 
condition is characterized by a temporary elevation of both pulmonary artery 
and peripheral venous pressures without corresponding rise of pressure in the 
peripheral arterial system. It was suggested that the obstructive mechanism 
producing this circulatory imbalance following acute peripheral blood loss must 
be within the pulmonary capillary bed, the left heart, or both. This conclusion 
was based upon the fact that a period of elevated pressure was observed to 
exist within the pulmonary arterial portion of the venous system, while no 
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Fig. 3.—(For legend see opposite page.) 
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elevation of pressure could be demonstrated on the peripheral arterial side. 
The remaining portions of this paper will be devoted to the presentation of 
further evidence of a pathologic process within the lung resulting from acute 
peripheral arterial blood loss. 


CIRCULATORY RESPONSE TO HEMORRHAGE 
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Fig. 4.—Kymographie record of pressures within the pulmonary artery, femoral artery 
and femoral vein taken before, during and following acute systemic hemorrhage. 

The above is a photograph of a tracing of a 12-inch section from a kymogram taken during 
the period of greatest pressure rise in the pulmonary artery immediately following blood loss. 
The very delicate hairlike lines recording this pressure were not possible to bring out in a 
photograph of the original kymogram. 

On the right will be found base lines of zero pressures. Normal tracings recorded before 
blood loss are shown on the left. 

Hemorrhage was produced thirty-five minutes before the abrupt rise in pulmonary artery 
pressure. This is a typical response of pulmonary artery pressure to the congestion which takes 
place within the lung shortly after acute blood loss, 

Note the elevation in the respiratory tracing and note its gradual fall at 6:20 and at 6:35 
P.M. The lungs are held in hyperinspiration in an attempt to make available a greater number 
of ones for oxygen absorption. This curve returns to the normal level as the lung condition 
is cleared. 


It seemed desirable to show by some quantitative procedure just when after 
hemorrhage one may expect pulmonary moisture change, for it was noted that 
histologie evidence of alveolar fluid accumulation depended upon the time which 
had elapsed following blood loss. This investigation seemed of value because it 





Fig. 3.—Pulmonary, artery pressure changes during and following hemorrhage recorded 
by Wiggers manometers. Optical record of systemic arterial (carotid) and pulmonary arterial 
tensions 1, before hemorrhage; the standard deviations of the beam are indicated; 2, during 
hemorrhage ; note fall in both carotid and pulmonary arterial pressures; $ following hemorrhage ; 
note continued decline of both carotid and pulmonary arterial pressures; and 4 forty minutes 


following hemorrhage; note pulmonary artery pressure to be rising at this time, but carotid 
artery pressure remaining low. 
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was felt that information might be gained concerning some of the factors in- 
volved in the production of pulmonary edema which not infrequently compli- 
cates the course of a poor risk patient undergoing major operative surgery in 
which there has been considerable blood loss. 

The plan of experimental procedure was to produce the circulatory changes 
of acute hemorrhage by instituting a fixed peripheral arterial blood loss in 
a series of dogs. The animals were sacrificed at varying intervals of time after 
hemorrhage, and the per cent of pulmonary moisture was determined using 
the seventy-two-hour desiccation and dehydration method of Elman. These 
findings were then compared with the per cent of pulmonary moisture found in 
dogs in which there had been no blood loss. Hemorrhage of 25 per cent of blood 
volume was used (equivalent to 1,300 ¢.c. in an average weight man), for it was 
believed that this might be comparable to average blood loss in severe traumatic 
and severe operative hemorrhage, and that it would give a good indication of 
the mechanism of pulmonary and circulatory change one could expect from a 
smaller blood volume loss. 


METHOD 


Healthy dogs were used. Nembutal was given intravenously as an anesthetic. Each 
animal was handled in exactly the same way, and after ten minutes of anesthesia, 25 per 
cent of the blood volume was removed free flowing from the femoral artery. At the end of 
the experimental period, each dog was killed by the injection of 10 ¢.c. of chloroform into 
the .eft chambers of the heart. In many of the experiments blood was taken for plasma 
protein and hematocrit levels, both before hemorrhage and before the sacrifice of the dog. 
Autopsy was performed immediately. Two specimens of lung, each of approximately 15 Gm., 
were quickly removed, blood was allowed to drip from the excised tissue for one minute, and 
each block was then dropped into a previously weighed glass stoppered bottle. Bottles con- 
taining wet lung were weighed, the stoppers then were removed, and bottles and stoppers 
were placed in a drying oven for forty-eight hours at 60° C. This was followed by further 
dehydration for twenty-four hours in anhydrous calcium chloride desiccation. At the end of 
the seventy-two-hour drying process, each bottle was reweighed and the per cent of moisture 
in each specimen was computed. 

Seven groups of dogs were used in these experimental observations: Group A consisted 
of five controls sacrificed after ten minutes of anesthesia and without blood loss, and Groups 


TABLE I. PULMONARY MOISTURE PERCENTAGE CHANGES FOLLOWING ACUTE 
ARTERIAL HEMORRHAGE 

















A Five dogs, with no blood loss (controls) 
B Four dogs, sacrificed 10 minutes after hemorrhage 
C Five dogs, sacrificed 20 minutes after hemorrhage 
D Five dogs sacrificed 45 minutes after hemorrhage 
E Five dogs, sacrificed 114 hours after hemorrhage 
F Four dogs, sacrificed 2 hours after hemorrhage 
G Three dogs, sacrificed 4 hours after hemorrhage 
Group A B C D E F G 
Pulmonary 79.98 80.72 79.89 78.12 80.53 79.39 79.60 
moisture 79.57 80.29 80.25 78.42 80.57 78.86 78.65 
percentages 78.93 80.88 79.78 78.14 80.83 80.20 79.77 
78.29 79.58 79.41 78.69 81.40 79.52 
79.95 80.98 78.52 81.59 
Average per cent 79.34 80.37 80.06 78.35 80.98 79.49 79.34 
Per cent change above 79.34 1.29 0.91 -1.27 2.06 0.18 0.00 


or below the normal 
of Group A 
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B, C, D, E, F, and G consisted of twenty-six dogs sacrificed ten minutes, twenty minutes, 
forty-five minutes, one and one-fourth hours, two hours, and four hours respectively after 
induced hemorrhage. 
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Graph 1.—Pulmonary moisture change following acute hemorrhage from the femoral artery 
(untreated), recorded in percentage above or below average normal. 


RESULTS 


In the Table I and Graph I an interesting pattern of pulmonary moisture 
change is noted during the first four hours following the controlled hemorrhage. 
An increase in the per cent of lung moisture is shown to have developed dur- 
ing the first ten to twenty minutes after an acute arterial blood loss. <A fall 
below the normal level of pulmonary moisture was noted at the end of the 
forty-five-minute period. One and a quarter hours from the time of hemorrhage, 
the per cent of pulmonary moisture was again above the normal and there was 
a gradual leveling off to the normal base line during the subsequent four hours. 
It is admitted that the number of dogs involved in this experiment is small and 
inadequate when isolated statistically; considered, however, with the other ex- 
perimental evidence of the paper, there seems to be a justifiable reason for sub- 
mitting the data.* 

SUMMARY 


Hemorrhage of 25 per cent of blood volume from a peripheral artery pro- 
duces a predictable pattern of moisture change within a four-hour period. Re- 
cent histopathologic studies indicate that pulmonary edema and hemorrhagic 


*Recent studies suggest that this return to fluid equilibrium may not be permanent in all 
cases, and that the lung may again become edematous and that this lung pathology may not 
be so quickly removed. Autopsy has been performed in many dogs three to five days after a 
25 per cent blood volume loss which had been followed by normal eatinz and drinking habits and 
normal activity with other dogs. Gross examination of lungs of some of these dogs has revealed 
patchy hemorrhagic areas 0.5 to 1.0 cm. in diameter on the pleural surface and on the cut 
surface. Microscopic study in these instances shows generalized edema, edema of the alveoli 
and alveolar walls, as well as capillary congestion and tissue hemorrhage. The point is raised 
that there may be but a temporary improvement in vascular imbalance and pulmonary con- 
gestion following peripheral hemorrhage and that pulmonary damage may be of clinical im- 
portance over a period of several days. 
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change may last several days. The quantitative changes in lung moisture of 
the first four hours are: 

1. An initial rise in pulmonary moisture during the first twenty minutes 
following systemic hemorrhage. 

2. A drop below normal levels at forty-five minutes. 

3. A secondary rise in pulmonary moisture well above the normal averages 
by one and one-fourth hours. 

4. A leveling off toward normal at two and four hours. 


Part THREE 
HEMATOCRIT AND PLASMA PROTEIN LEVELS FOLLOWING AcUTE BLOop Loss 


In the plant and animal kingdoms normal life is maintained by fluid equili- 
brium within osmotic chambers. Plant life functions normally with a one-way 
directional flow, whereas in the animal world a complete circulation of fluid 
has been developed. Our circulatory system is a vast semipermeable osmotic 
chamber in which fluids and solutes pass back and forth between the tissue 
spaces and the blood vessels under varying systemic requirements. Two of the 
factors governing flow of fluid between the vascular system and the tissue spaces 
are: blood pressure change and variations in plasma protein concentration. It 
is of interest then, to note what changes in plasma protein concentration and 
hematocrit readings are to be found in acute hemorrhage. Table II and Graph 
2 show the changes recorded in these experiments. 


TABLE II. HEMATOCRIT AND PLASMA PROTEIN DETERMINATIONS FOLLOWING ACUTE BLOOD 
Loss (Four Docs USED) 











TIME OF HEMATOCRIT PLASMA PROTEIN 
TAKING BLOOD (%) IN GM. PER 100 C.C. 
Before hemorrhage 46.5 6.1 
10 minutes after hemorrhage 49.2 5.6 
20 minutes after hemorrhage 50.1 5.6 
45 minutes after hemorrhage 50.1 5.6 
1144 hours after hemorrhage 48.5 5.6 
2 hours after hemorrhage 48.0 5.6 
4 hours after hemorrhage 47.2 5.6 





During the first two hours following acute hemorrhage the plasma protein 
level is noted to be depressed, in grams per 100 ¢.c. of plasma, and the hematocrit 
reading to be elevated. This drop in plasma protein level and elevation of the 
hematocrit. reading is due to the loss of albumin and liquid from the circulatory 
system to the tissues. In the pulmonary alveoli this alteration will subsequently 
be noted as a heavy albuminous precipitate (see Part Six). The hematocrit 
coneentration is initially elevated at ten minutes, reaches its peak at forty-five 
minutes, and levels back almost to the normal or below by four hours. The 
observations on four dogs are here presented. They were used specifically for 
the purpose of determining the hematocrit and plasma protein levels at intervals 
of ten minutes, twenty minutes, forty-five minutes, one and one-fourth hours, 
two hours, and four hours after an induced hemorrhage of 25 per cent of blood 
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volume. The figures here presented check quite identically with the hemato- 
erit and plasma protein determinations made on dogs in each of the other ex- 
periments, but to incorporate all the data would be confusing to the reader. 
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Graph 2.—The plasma protein levels are depressed and the hematocrit readings are elevated 
during the first four hours following acute peripheral blood loss. 


Part Four 


QUANTITATIVE CHANGES IN PuLMONARY MotstuRE FoLLOwING ACUTE SYSTEMIC 
HEMORRHAGE TREATED WITH INTRAVENOUS FLUIDS 


The purpose of this portion of these experimental observations was to pro- 
duce peripheral arterial blood loss, administer various intravenous fluids as 
therapy, and to ascertain what change in pulmonary moisture percentage,might 
result. The reason for this investigation was the suspicion that the type, 
quantity, and method of administering postoperative intravenous fluids might 
contribute to the production of the pulmonary edema which occasionally com- 
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plicates the course of the poor risk patient or the person who may be in good 
health yet is forced to undergo a major operative procedure with considerable 
blood loss. It was felt that these individuals were subject to such disturbance in 
circulatory and pulmonary physiology from the loss of peripheral blood that 
fluids given by the intravenous route might need to be given with caution for 
fear of impounding even greater pressures within the venous system against 
a damaged pulmonary endothelium and an embarrassed left heart. 


Normal 
Averages 





1% 223% 


. 4 
(79.34% 


Fig. 5.—Pulmonary moisture percentage variations when various intravenous preparations are 
used after acute hemorrhage. 


The plan of experimental procedure was similar to that of Part Two, except 
that various intravenous fluids were given as therapy for a four-hour period 
after hemorrhage. The circulatory changes resulting from acute hemorrhage 
were produced, as in Part Two, by instituting a 25 per cent blood volume loss; 
and, in addition, a smaller series was used in which a 10 per cent blood volume 
loss was sustained (500 ¢.c. in an average weight man). Physiological sodium 
chloride, plasma, and whole blood were the intravenous fluids given. When 25 
per cent of the blood volume was removed, intravenous fluid was administered 
in the amount of two and one-half times this quantity (3,250 ¢.c. in an average 
weight man.) When 10 per cent of blood volume was removed, intravenous 
fluid was administered in the amount of four times this quantity (2,000 ¢.c. in 
an average weight man).* 

METHOD 


Healthy dogs were used. Nembutal was given intravenously as an anesthetic. Each 
animal was handled in exactly the same way, and after ten minutes of anesthesia the re- 
quired blood volume was removed free flowing from the femoral artery. Intravenous fluids 
were started immediately and were given at the rate of forty drops per minute. Blood for 
plasma protein determinations and hematocrit levels was taken in selected cases before and 
after intravenous therapy. At the end of the experimental period, each dog was killed by 
the injection of 10 ¢.c. of chloroform into the left chambers of the heart. Autopsy was per- 
formed without delay. Two specimens of lungs, each of approximately 15 Gm., were re- 
moved, blood was allowed to drip from the excised tissue for one minute, and then each 

*The quantity of intravenous fluid to be given these experimental animals was determined 
by therapy used on the battlefields of World War II and in thoracic centers when major blood 
loss may be expected. During World War II it was common practice to give 3,000 to 6,000 c.c. 
and more of intravenous fluid to the casualty in profound hemorrhagic shock, even though in 
some instances pulmonary edema was observed to follow such treatment. In thoracic surgical 
centers it has become quite routine to give large quantities of intravenous fluid on the operating 
table and an equal amount in the immediate postoperative period. Therefore, it was decided 
to give these animals posthemorrhagic fluids which would be considered comparable to moderate 


amounts given the above-mentioned patients. Our purpose was to ascertain whether early 
pulmonary edema could be demonstrated by such treatment. 
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TABLE III. PULMONARY MOISTURE PERCENTAGES FOLLOWING SYSTEMIC HEMORRHAGE TREATED 
WITH INTRAVENOUS FLUIDS ror Four Hours (AvTopsiep Four Hours AFTER BLoop Loss) 








A Five dogs, no blood loss. 

B Nine dogs, 25% blood volume loss. Given intravenous saline 
C Six dogs, 25% blood volume loss. Given intravenous plasma 

D Four dogs, 25% blood volume loss. Given intravenous blood 
E Five dogs, no blood loss. Given intravenous saline 

F Three dogs, 10% blood volume loss. Given intravenous saline 
G Three dogs, 10% blood volume loss. Given intravenous plasma 














Group A B Cc D E F G 
Pulmonary 79.78 82.92 82.25 80.99 80.81 80.30 81.98 80.73 
moisture per- 79.57 80.90 82.31 80.02 81.47 83.64 81.51 80.54 
centages 78.93 82.22 80.97 80.59 79.92 80.12 82.45 80.50 
78.29 82.13 82.45 81.52 79.47 81.41 
79.95 82.89 80.55 80.22 
« 80.80 ae 
Average per cent 79.34 82.13 80.74 80.41 81.15 81.98 80.61 
Per cent change 


from A. normal 3.50 1.86 1.18 3.28 3.32 1.57 





TABLE IV. PLASMA PROTEIN AND HEMATOCRIT LEVELS FOLLOWING HEMORRHAGE AND VARIOUS. © 

















INTRAVENOUS FLUIDS - 
AVERAGE CHANGEIN | AVERAGE CHANGE 
PLASMA PROTEIN IN HEMATOCRIT 
INTRAVENOUS FLUID LEVEL (GM.) LEVEL 
25% blood volume loss, intravenous saline -1.4 -7.4 
(5 dogs) 
25% blood volume loss, intravenous blood -0.7 -0.2 
dogs) 
25% blood volume loss, intravenous plasma -0.2 -13 
(5 dogs) 





block of tissue was dropped into a previously weighed glass stoppered bottle. The dehydra- 
tion process was identical to that used in Part One. The per cent of moisture in each lung 
was computed and compared to the normals. The data are presented in Tables III and IV 
and Fig. 5. 


RESULTS 


From the above data and chart it will be noted that four hours after hemor- 
rhage the greatest increase in pulmonary moisture occurred when physiologic 
sodium chloride was the intravenous agent, and that the greatest drop in plasma 
proteins resulted when this same fluid was used. When whole blood or plasma 
were the intravenous fluids administered, the per cent in pulmonary moisture 
inerease was half that resulting from the use of intravenous physiologie sodium 
ehioride. The quantitative findings in pulmonary moisture following hemor- 
rhage seem to indicate that whole blood or plasma give comparable results as 
intravenous therapy, although even the use of these ideal fluids resulted in 
greater pulmonary moisture than is found four hours after untreated hemor- 
rhage. Likewise it will be noted that following blood loss there was but slight 
alteration in the plasma protein level when whole blood or plasma were used as 
intravenous therapy, that there was considerable dilution of the plasma proteins 
when physiologic sodium chloride was given, and that the best hematocrit find- 
ings resulted when whole blood was used. 

Group E was incorporated in this series in order to show that intravenous 
physiologic sodium chloride, alone, and without blood loss, will result in an in- 
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crease in pulmonary moisture and a drop in both plasma protein and the hemato- 
erit levels. In this regard it may be added that 2,000 ¢.c. of intravenous physio- 
logie sodium chloride given to normal ward patients has resulted in a drop of 
1.2 Gm. in the plasma protein level (unpublished). 
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Graph 3.—Pulmonary lymph is increased in quantity and depressed in protein content following 
hemorrhage. 


SUMMARY 


1. The administration of intravenous fluids after hemorrhage of 25 per 
cent of blood volume from a peripheral artery is associated with a greater in- 
erease in pulmonary moisture than is found four hours after untreated hemor- 
rhage. 

2. When physiologic sodium chloride is used the inerease in pulmonary 
moisture is apparently twice that found when either whole blood or plasma are 
the intravenous fluids used. 

3. When whole blood is given intravenously following hemorrhage, the 
pulmonary moisture increase is slightly less than that resulting from the use 
of plasma. 

4. When physiologic sodium chloride is given as intravenous therapy, there 
is a marked drop in plasma protein; whereas when plasma or whole blood 
are used this does not occur. 
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Part Five 


CHANGES IN PULMONARY AND Systemic LymMpH FLow FoLLowING ACUTE 
PERIPHERAL BLoop Loss 


In this next portion of the paper experimental observations are presented 
which indicate that acute hemorrhage from a peripheral artery has an imme- 
diate effect upon pulmonary lymph flow as well as systemic (cervical) lymph 
flow. When physiologic normal saline is administered intravenously following 
acute hemorrhage, it will be noted that an even greater stimulation of lymph 
flow from these areas is to be expected. 
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Graph 4.—Systemic lymph changes after acute hemorrhage. 


METHOD 


The plan of investigating alterations in pulmonary and systemic transudation was by 
quantitative and chemical lymph studies. Pulmonary lymph may be studied satisfactorily 
by canalization of the right pulmonary lymphatic duct (right thoracie duct) as it empties 
into the right subclavian vein, and systemic lymph flow may be studied by canalizing the 
cervical lymphatic ducts. Most of the lymph drainage of the right pulmonary lymphatic 
duct is of pulmonary origin and is for this reason a good indicator of the fluid economy of 
the lung. 

The experimental procedure in each case was as follows: using large healthy dogs, and 
nembutal anesthesia, a cannula was inserted into the lymph duct (cervical or pulmonary, as 
the case may be) after the technique of Drinker. A normal lymph flow from the cannula 
was observed over the period of one-half to three-quarters of an hour at one-quarter hour 
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intervals. Dogs were bled of 25 per cent of blood volume and the lymph flow was recorded 
both with and without intravenous therapy. Lymph protein determinations were made by 
the Van Slyke copper sulfate technique, a practical method of comparing the protein values 
of minute quantities of fluid. Each type of experiment was repeated several times. The 
data here presented are actual findings and seem to be typical responses for each type of 
experiment. 
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Graph 5.—Effect of hemorrhage and intravenous saline on cervical (systemic) lymph. 


A. The response of pulmonary lymph flow to acute systemic hemorrhage 
is shown in Graph 3, in which the following may be noted: (a) a doubling in 
volume of lymph flow within forty-five minutes of acute hemorrhage followed 
by gradually leveling back to the normal; and (b) an initial drop in specific 
gravity and protein values of lymph noted in the first hour after hemorrhage. 

B. The response of systemic (cervical) lymph flow to acute peripheral 
blood loss is shown in Graph 4 and the following points are to be noted: (a) 
an increase in volume of lymph flow during the first hour; and (b) a drop in 
specific gravity and lymph protein during the first hour. 

C. The effect of hemorrhage and intravenous physiologic sodium chloride 
on cervical lymph is shown in Graph 5. Of interest is: (a) a volume of lymph 
flow five to eight times normal; and (b) a drop in the specific gravity and 
lymph protein values. 

D. The effect of hemorrhage and intravenous plasma on cervical lymph is 
shown in Graph 6. It is of interest to note: (a) the volume of lymph flow 
to be quite comparable to that of the hemorrhage experiment; and (b) but a 
slight change in specific gravity and of the lymph protein level. 
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Part Six 


PatHoLocic CHANGES WITHIN THE LUNG RESULTING FRoM ACUTE 
ARTERIAL BLoop Loss 


The observation that a pathologie state could be produced within the lungs 
by peripheral arterial blood loss was a finding of studies in which pulmonary 
lymph was being observed routinely when peripheral hemorrhage was induced 
experimentally (Part Five). At the time these lymph studies were carried out 
the experimental animals were observed over a period of four to five hours, then 
sacrificed, and immediate autopsy was performed. More attention was paid to 
the lungs than to any other organ because an attempt was being made to study 
the anatomic relations of the pulmonary lymphatics down along the mediastinum 
into the lungs. 
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Graph 6.—Effect of hemorrhage and intravenous plasma on cervical (systemic) lymph. 


On opening the chest of many dogs, four hours after acute blood loss, the 
gross appearance of the pleural surface presented not the glistening pink of 
the normal lung but showed a mottled surface of dark red raised areas varying 
in size from that of a pin head to 0.5 em. or more in diameter (Fig. 1). The 
cut surface of these lungs presented this same picture of patchy hemorrhagic 
infiltration. The areas of hemorrhage were confined more to the middle and 
lower lobes, with no apparent concentration of hemorrhage to any particular 
portion of a lobe, but with quite general distribution throughout the parenchyma. 
Blocks of such lung specimens were run through for histologic study and each 
presented the microscopic picture of alveolar and tissue edema, vascular con- 
gestion, frequent areas of compensatory alveolar overdistention and occasional 
hemorrhage. Fig. 6 is quite typical of these findings. 
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The desiccation experiments of Part Two were then conducted to prove 
the existence of an inerease in the fluid content of the lungs when acute systemic 
hemorrhage was induced, and in each ease histologic lung study was carried out. 
From Graph 1 (Part Two), showing pulmonary moisture change, Dr. Moore’s 
Seore Sheet (Table V), and Graphs 7 and 8 showing histologic changes in pul- 
monary edema and congestion, it became apparent that following acute blood 
loss there is developed a predictable cycle of pulmonary moisture change syn- 
chronized with comparable alterations in pulmonary lymph flow, pulmonary 
artery pressures, and histologic alterations within the lung. 
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Fig. 6.—Photomicrograph of a dog lung four hours after acute loss of 25 per cent of 
ot — from the femoral artery. Note alveolar edema and areas of alveolar over 
istention. 


RESULTS 


Tissue sections from the lungs of these experimental animals were studied 
by Dr. Robert Moore, Professor of Pathology in Washington University School 
of Medicine, St. Louis. Dr. Moore graded each lung section in categories per- 
taining to edema, hemorrhage, and vascular congestion, and adjudged them on 
a one to four basis depending upon the observed degree of pathologic change 
(Table V). 

In order to arrive at a just basis of comparison of abnormal and normal, 
the graded tissue observations of four normal (unbled) dogs are presented in 
the first group; dog number 4 (Dec. 12) was sacrificed by injecting 10 ¢.c. of 
chloroform into the chambers of the heart without anesthesia, while the other 
three normals were sacrificed in the same manner, but after ten minutes of 
nembutal anesthesia. It will be noted that a grading of 0 was made only in 
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Graph 7.—Composite graphs of pulmonary edema following hemorrhage as to micro- 
scopic evidence of tissues, alveoli, distribution, and character of the edema in the lung. 
Data was derived from Dr. Moore’s Score Sheet and curves were plotted according to dis- 
tribution of the edema, the amount of tissue edema, the amount of alveolar edema, and the 
density of the edema. Points 1, 2, 3, 4, and 5 indicate the time interval after hemorrhage at 
which the dogs were sacrificed. The numbers on the vertical line refer to the units of 
pathologic change in Table V and represent increase over the normal. 
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Graph 8.—Composite graphs of pulmonary congestion following hemorrhage as to micro- 
scopic evidence of hemorrhage and congestion both capillary and large vessel, The time 
intervals at points 1 to 5 are the same as those in Graph 7. The numbers on the vertical line 
refer to the units of pathologic change in Table V and represent increase over the normal. 
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the categories of ‘‘alveolar edema,’’ and ‘‘character of alveolar edema,’’ and 
that there is a grade 2 capillary congestion in all four normals. However, using 
the same technique of killing the experimental hemorrhaged dogs, there is to be 
noted a very definite increase of graded value in each category of edema, hemor- 
rhage, and congestion as compared to the findings of the normal. 

There is an abrupt increase in alveolar edema at ten minutes following 
blood loss, a lesser degree of alveolar edema at twenty minutes, and a negligible 
amount at forty-five minutes; after this there is a definite trend to a reaccumu- 
lation of edema, reaching a peak at seventy-two hours, when this edematous 
condition is marked. It should be pointed out that the animals of the seventy- 
two-hour group were active in their dog pen after the removal of 25 per cent 
of blood volume and that they had normal eating and drinking habits. 


TABLE V. Dr. MoOoRE’S SCORE SHEET OF PATHOLOGIC LUNG CHANGES AFTER ACUTE 






























































HEMORRHAGE 
DOG EDEMA CONGESTION CHAR- 
NUMBER GENERAL ACTER 
AND DISTRI- HEMOR- CAP- LARGE OF 
TIME DATE BUTION | TISSUE | ALVEOLI| RHAGE | ILLARY VEIN |EDEMA 
Normals (4) Feb. 13 2 i 0 0 2 0 0 
(3) Feb. 13 1 u 0 0 2 0 0 
(4) Dee. 12 0 0 0 i 2 0 0 
(2) March 23 0 0 0 1 2 1 0 
10 minutes (1) May9 3 iL + 1 2 3 3 
(2) May 9 0 2 0 0 2 0 0 
(1) March 30 4 3 2 0 2 3 at 
(1) May 15 3 2 3 1 3 1 2 
(2) May 15 2 3 2 a 4 ir 1 
20 minutes (1) March 2 0 2 ) 0 2 1 0 
(3) Feb. 27 | 2 2 iI 2 2 3 
(4) Feb. 27 2 1 2 1 2 2 3 
(1) Mareh13 2 2 3 0 1 3 2 
(1) Feb. 27 3 2 3 1 4 4 2 
45 minutes (2) Feb.13 1 it 0 1 5 0 0 
(1) Feb. 13 3 2 0 0 2 2 0 
(3) Feb. 9 2 2 1 iI 2 2 1 
(3) March 16 2 ] 0 ] a 3 0 
(2) March 1 2 2 0 uf 2 2 0 
60-75 minutes (2) Jan. 31 at 1 2 1 2 it 2 
(2) Jan. 18 3 1 0 0 3 2 0 
(1) Jan. 31 2 1 0 i 4 a 0 
(1) Jan. 18 3 0 0 1 + 2 0 
(4) March13_ 3 0 1 3 t 0 
150 minutes (2) Jan. 26 3 2 0 0 1 2 0 
(1) Jan. 26 3 1 0 0 1 1 0 
240 minutes (23) Jan. 16 2 1 0 1 3 1 0 
(1) March 20 4 3 2 3 3 3 1 
(1) March 23 + 2 3 1 3 3 2 
300 minutes (1) Feb. 16 3 1 0 0 : 0 
March 20 2 2 1 0 2 2 1 
March 23 3 2 2 il 0 2 1 
24 hours May 2 1 J 0 0 3 0 0 
(1) May 22 2 2 2 3 2 3 2 
(2) May 22 2 1 2 2 2 3 
72 hours May 16 3 2 3 1 3 2 2 
Feb. 4 + 2 + 3 2 4 2 
May 4 a 2 4 2 2 3 2 
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Part SEVEN 
DISCUSSION 

From these observations it is conceivable that operative or traumatic 
blood loss can produce an imbalance in the cireulatory system by the production 
of a pathologie state within the lungs. Such a change in normal pulmonary and 
circulatory physiology can have surgical importance, particularly as pertains 
to postoperative care and postoperative fluid therapy of critical or poor risk 
patients. 

The physiologic changes which develop following acute blood loss are quickly 
produced. During the first ten minutes following a loss of 25 per cent of 
blood volume there is a marked increase in rate and depth of the respiratory 
effort (Fig. 7); a decrease in cardiac output; a fall of systemic, arterial, venous, 
and pulmonary artery pressures (Part One); a lengthening of circulation time 
(sodium cyanide test, unpublished); anoxia of circulating blood; an increase 
in endothelial permeability (Part Four); increase in pulmonary lymph flow 
(Part Five); congestion of the pulmonary capillary bed (Part Six); hemo- 
concentration (Part Three); a fall in plasma protein level (Part Three); and 
pulmonary edema as shown both microscopically (Part Six) and by desiccation 
experiments (Part Two). 

Edema is a rapid development following acute blood loss, and is found in 
the lungs long before it is evident in other organs (unpublished observations). 
The pulmonary capillary system is affected by the same intravascular changes 
which are manifest elsewhere in the body, but in addition it is subject to intra- 
alveolar pressure changes and to back pressure from an incompetent left heart 
not adjusted to rapid vascular changes in blood volume. 

The sucking effect of an increased intra-alveolar negative pressure is of 
great importance in a consideration of the pulmonary changes in question. Fig. 
7 is a kymographic record illustrative of the immediate effect of simple periph- 
eral arterial blood loss upon the respiratory cycle in the experimental animal. 
That this stimulation to respiration may be an important factor in the produc- 
tion of the initial pulmonary edema of the ten-minute period following blood 
loss is apparent when the following physiologic facts are considered. 

In the normal resting individual a negative pressure of 3 mm. of mereury 
is exerted within the tracheobronchial tree with each inspiration, and this 
sucking effect is transmitted to the alveoli (Drinker).* Intratracheal pressure 
becomes zero at the end of inspiration and is followed by a slight positive 
pressure during expiration. Intratracheal negative pressures of 20, 30, 40, 50, 
and 70 mm. of mercury may readily result from tracheal obstruction (Drinker). 
Such negative pressures exceed the effective osmotie pressure within the eapil- 
lary system and could draw transudates out into the alveoli even though no 
other factors were involved. 

In 1933, Yamada* made pleural punctures on several hundred normal 
Japanese soldiers before and after vigorous exercise and obtained fluid in 20 
per cent of these subjects at rest, and in 70 per cent after they had done severe 
work. In 1921 Graham,° using both the dog and human lung suspended in a 
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bell jar, showed that expiration will produce pleural effusion by the squeezing 
effect of the respiratory effort, and that this effusion is increased when respira- 
tions are exaggerated. In 1943, Drinker‘ found that labored breathing produced 
an increase in pulmonary transudation in the dog as evidenced by increase in 
lymph flow from the pulmonary lymphatic duct; he has also shown that reduced 
oxygen supply increases pulmonary lymph flow, and he has pointed out that 
this increased transudation is due to an altering of capillary endothelium toward 
leakage as a result of a damaging effect of anoxia. Coughing, wheezing, choking, 
and production of tracheal phlegm are regularly observed when normal subjects 
hyperventilate themselves in competitive sports, running for trains, ete., and 
although these symptoms are usually transient, in some people a more lasting 
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Fig. 7.—The effect of peripheral arterial blood loss on respiration. Kymograph of respira- 
tory changes during acute hemorrhage. 

Kymograph 1, with the tape about the mid-chest, demonstrates changes in intercostal 
breathing. Note period of hyperventilation followed by forceful breathing. As the period of 
apnea rises, (notch in upstroke) the chest is held in hyperinspiration. 

Kymograph 2, with the tape about the upper abdomen, demonstrates changes in dia- 
phragmatic breathing. Normal breathing is characterized by an upstroke in inspiration 
as the circumference of the abdomen decreases with the powerful sucking effect of chest muscles. 
Note the changes over to forceful diaphragmatic action pushing down upon abdominal con- 
tents and increasing the circumference of the abdomen, and note that a gradual elevation 
of the period of apnea is again shown as the diaphragmatic muscles also help to hold the 
lungs in hyperventilation (notch in upstroke). 


respiratory embarrassment may develop as a manifestation of acute pulmonary 
edema. If marked respiratory stimulation can produce systemic evidence of 
pleural effusion and pulmonary edema in the individual in whom there is normal 
eardiae reserve, then it should be possible to produce similar and even more 
severe changes in the experimental animal and in the postoperative patient as a 
result of the marked stimulation to respiration which results from the anoxia 
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of blood loss, for to this is added the factors of changes in endothelial per- 
meability, alterations in the plasma protein level, and cardiac insult. 

Forty-five minutes following acute arterial blood loss, a dehydration of the 
lungs is evidenced by a fall of pulmonary moisture percentage below the normal 
(Part Two), and there is noted to be histologie evidence of drying of the lting 
and overdistension of the alveoli (Part Five). Dehydration of the tissues of the 
body is a physiologic response to a loss of blood volume and will occur when 
intravascular osmotic pressures exceed hydrostatic pressures. At forty-five 
minutes there is an attempt to dehydrate the lung, intra-alveolar negative pres- 
sures are approaching normal, and even a blood of lowered osmotie pressure 
value will tend to draw fluid from the tissue spaces when hydrostatic pressures 
are low with blood loss (desiccation experiments of Part Two and the histologic 
observations of Part Six). However, pulmonary endothelium has suffered dam- 
aging effects during the first ten to twenty minutes following hemorrhage, 
fluid of high protein value has leaked into the alveoli, capillary congestion has 
developed, and frank hemorrhage has been produced within the lung. This 
attempt to dehydrate the lung is transient, the endothelial changes of the pul- 
monary capillary bed and the myocardial damage of the first twenty minutes 
nave been too great. Pulmonary capillaries are still congested at forty-five 
minutes, the initial damage to this system is not quickly relieved and pulmonary 
edema is again produced by the drive of oncoming blood from the ‘venous system 
plus back pressure from the left heart in congestive failure. 

The pulmonary moisture elevation which is manifest one hour and a quarter 
after an acute arterial blood loss may have more than academie interest. High 
pulmonary artery pressures and peripheral venous pressures with low systemic 
arterial pressures have been demonstrated at this time interval, and the histo- 
logic evidence of alveolar edema again accummulating has been shown. In 
other words, endothelial damage has progressed now to the pathologic state, 
capillary pressures are elevating, and edema is again evident as endothelial 
permeability increases and as left heart inefficiency becomes more pronounced. 
Pulmonary edema and pulmonary congestion experimentally produced by mere 
peripheral blood loss may be the early manifestation of acute pulmonary edema 
which is seen following surgery. Histologic examination at this interval fol- 
lowing blood loss shows pulmonary edema and capillary congestion (Part Five), 
and experimental observations have shown elevation of peripheral venous pres- 
sures as well as marked rise of pulmonary artery pressure (Part One), as 
pressure is impounded against damaged pulmonary endothelium and an in- 
competent left heart. As shown in Part One, this temporary pressure rise in 
the venous system is not associated with corresponding elevation in the periph- 
eral arterial pressure following blood loss, and it seems probable that the 
vascular system is temporarily out of balance. 

Pulmonary moisture seems to level back nearly to the normal expectancy 
four hours after hemorrhage and normal equilibrium is again established in 
the vascular system. However, recent observations indicate this to be a tem- 
porary adjustment and that many animals will show pulmonary edema and 
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hemorrhage when sacrificed three to five days after blood loss even though there 
has been normal activity without symptoms of pulmonary disorder. 

It is apparent that pulmonary obstruction to normal circulation is usually 
transient following a 25 per cent blood volume loss, and that in a matter of a few 
hours normal circulatory balance is re-established between the arterial and 
venous systems; however, it is also apparent that the pathologic changes which 
have taken place within the lung could not be corrected completely in this short 
space of time, and that this organ remains a potential source of circulatory 
obstruction should unwise intravenous therapy be given to tax the ability of 
an impaired pulmonary endothelium (as demonstrated in Part Four). When 
one considers the pulmonary moisture changes, the vascular imbalance (Fig. 2), 
the changes in pulmonary transudation, and the alterations in hematocrit and 
plasma protein levels which can be expected to follow acute arterial blood loss, 
a consideration of the possible dangers of type and quantity of intravenous 
therapy will seem necessary. 
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The entire vascular bed with its intricate ramification of capillaries is 
actually a vast osmotic chamber in which fluid passes back and forth between 
the interstitial tissues and the circulatory system. One of the important factors 
governing and maintaining normal fluid balance is the positive osmotic pressure 
effect of the circulating plasma proteins. The importance of maintaining nor- 
mal plasma protein levels during postoperative care must be emphasized. When 
physiologic sodium chloride is used as intravenous therapy, there is a dilution 
of plasma proteins. Physiologic sodium chloride exerts no colloid osmotic pres- 
sure, and as an intravenous agent it dilutes the plasma proteins, colloid osmotic 
pressures decline, and fluid is allowed to leak into the alveoli and interstitial 
spaces from the circulatory system. Group E of the table serves to emphasize 
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this point; in this group an increase in pulmonary moisture resulted from the 
administration of intravenous physiologic sodium chloride to unbled dogs. 

On the other hand, it must be pointed out that the increase in pulmonary 
moisture after an intravenous therapy of either plasma or whole blood is con- 
siderably higher than is pulmonary moisture four hours after untreated hemor- 
rhage. This brings up the point that intravenous therapy following severe 
hemorrhage will result in an aggravation of the pulmonary edema of blood loss, 
regardless of the type of fluid used. It must again be pointed out that periph- 
eral blood loss produces a pulmonary block to normal circulation; and that if 
to this imbalance in pulmonary and circulatory physiology greater fluid volume 
be added to the venous side, then even greater pressures will be impounded 
against this abnormal pulmonary endothelium, and an aggravation of the pul- 
monary edema is the inevitable result. 

To re-emphasize the remarks of the first part of this discussion, the colloid 
osmotic pressure of the blood passing through normal lungs is much higher 
than the capillary blood pressure, and this arrangement makes for a minimum 
amount of fluid in the alveoli. The osmotic pressure effect of plasma proteins 
causes absorption of interstitial moisture and holds fluid within the vascular 
bed, and this osmotic pressure is normally much greater than the hydrostatic 
pressure of blood tending to force fluid and solutes out of the capillaries. How- 
ever, these are the conditions as they exist in normal fluid economy, before there 
is any blood pressure or osmotic pressure derangement, or endothelial damage 
to upset this delicate balance of the vascular system. Blood loss and intravenous 
therapy produce an imbalance in this fluid economy, and a pathologic state 
within the lung. 

The inability of physiologic sodium chloride to exert positive osmotic 
pressure is just as apparent in humans as in the experimental animal. Its 
occasional use in the treatment of hemorrhagic shock attests to the unfortunate 
choice of this solution when plasma or blood are available. The ability of 
plasma to exert positive osmotic pressure is more apparent in the treatment of 
hemorrhagic shock than it ever could be in a laboratory experiment of this sort. 
The recognition of the life-saving virtue of this fluid has been one of the greatest 
medical accomplishments of World War II. The essence of plasma therapy is 
the ability of this fluid to maintain normal osmotic pressure within the vascular 
system. In many respects these experiments compare favorably with results 
in individuals who have been given in the one case physiologic sodium chloride 
and in the other case whole blood or plasma as intravenous therapy. Those 
receiving physiologic sodium chloride have a dilution of their plasma proteins, 
a loss of effective osmotic pressure, a shift of fluid from the circulatory system 
to the tissues, an accumulation of fluid within the alveoli, and a development of 
pulmonary edema. When whole blood or plasma are used as intravenous agents, 
this edema is kept at a minimum, provided rate and quantity of administration 
are carefully controlled and venous pressures are watched. 

The reader must not construe from this paper that intravenous blood and 
plasma are condemned in the treatment of hemorrhage. These fluids, when 
administered in reasonable quantities, are absolutely necessary and are life- 
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saving to the patient who has sustained acute hemorrhage, provided that it is 
understood that some pulmonary edema exists before treatment is instituted 
and that there will be some increase following treatment. On the other hand, 
it should be pointed out that the additional fluid requirement of the patient 
can be safely cared for by hypodermoclysis. Fluids given by the subcutaneous 
route are somewhat more uncomfortable than those given intravenously, but 
the full fluid requirement of a patient cannot be given intravenously in all 
cases without producing venous overload (Fig. 2) and developing a critical 
pulmonary edema. Fluids given by hypodermoclysis will be absorbed by the 
vascular system as that system is capable of accepting it. Intravenous therapy 
is a method of foreing the vascular system to accept fluids even though fatal 
pulmonary edema may result. ' 

From a practical therapeutic standpoint what may be gained from the 
observations of these experiments? The average operative blood loss is not 
too great and patients seem to compensate for most any intravenous therapy 
given them, although even in these individuals an occasional pulmonary edema 
is clinically evident and postoperative pneumonia is still not infrequent. The 
elderly and poor risk patient requiring radical procedure with major blood loss 
may come more prominently in the category of these experiments. These in- 
dividuals most certainly receive varying degrees of pulmonary endothelial 
damage and pulmonary edema which must be reckoned with for at least five 
days after surgery; this pulmonary edema is a stagnant fluid accumulation of 
high protein value, which may be an ideal culture media for droplet implan- 
tation from the nose and throat and for a subsequent development of post- 
operative pneumonia. Reasonable quantities of intravenous plasma or blood 
given slowly is a necessity for these individuals. The additional fluid require- 
ment should be given by the subcutaneous route rather than risk an increase 
of venous pressure, a dilution of the plasma proteins, and a lowering of osmotic 
pressures by the dilution effect of the intravenous administration of either 
physiologic sodium chloride or glucose solutions, neither of which contain any 
colloid to maintain intravascular osmotie pressure. 

In closing these remarks, it seems not out of the way to point out that the 
physiologic changes of acute hemorrhage are similar if not identical to those 
of the so-called shock state, except that in hemorrhage the chain reaction of ear- 
diae insult, decreased cardiac output, acute drop in vascular pressure, slowing of 
the circulation, anoxia, endothelial damage, and tissue edema is initiated by 
acute loss of blood volume (Fig. 8), whereas in shock the syndrome is set off 
by a possible cardiac insult of neurogenic origin which in turn produces a 
marked fall in cardiac efficiency and cardiac output, a drop in vascular pressure, 
a slowing of the circulation, anoxia, endothelial damage, and blood volume loss 
as plasma passes out of the vascular system and produces tissue and pulmonary 
edema. According to the observations of Moon,’ shock is characterized by 
inerease in endothelial permeability to colloids, disturbed fluid balance, increase 
in the flow of lymph, increase in tissue fluid, and frequent pulmonary edema. 
It is to be pointed out that each of these physiologic changes has been locally 
produced within the lungs by the acute hemorrhage of these experiments, 
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CONCLUSIONS 


Acute hemorrhage of 25 per cent of blood volume from the femoral artery 
of dogs has resulted in the following circulatory and pulmonary changes: 

1. A temporary imbalance in the circulatory system in which there is an 
elevation of pulmonary artery pressure and peripheral venous pressure, with 
no comparable elevation in the low systemic arterial pressure which follows 
acute hemorrhage. 

2. A block to normal circulation within the lung which is acute for an 
hour or more, and partially effective for several days. 

3. A predictable pattern of pulmonary moisture change within a four-hour 
period following hemorrhage, characterized by: (a) an initial rise in pulmonary 
moisture during the first twenty minutes, associated with a drop in the plasma 
protein level and an elevation of the hematocrit reading; (b) a drop at forty- 
five minutes to levels below normal pulmonary moisture, while the plasma protein 
level continues low and the hematocrit reading is slightly elevated; (¢) a see- 
ondary rise in pulmonary moisture above normal averages at one and one quarter 
hours with plasma protein findings at their lowest and the hematocrit reading 
above normal; (d) a leveling off toward normal pulmonary moisture at four 
hours with the plasma protein level low and the hematocrit reading above normal 
expectancy. 

4. Recent histopathologic studies suggest that in some animals this adjust- 
ment of fluid economy after hemorrhage is temporary. Pulmonary edema has 
been observed histologically five days after blood loss, during which there has 
been normal activity and normal eating habits. 

5. An aggravation of the pulmonary edema of acute peripheral hemorrhage 
results from the intravenous use of either physiologic sodium chloride, whole 
blood, or plasma. When physiologic sodium chloride is administered the increase 
in pulmonary moisture is twice that found when either whole blood or plasma 
are used following similar blood loss. Plasma protein levels drop when phys- 
iologie sodium chloride is used, while these levels are maintained fairly well 
when whole blood or plasma are given. 

6. An increase in pulmonary transudation is noted by a marked stimulation 
to pulmonary lymph flow. 

7. Histopathologic lung changes of edema, congestion, and hemorrhage are 
evident as soon as ten to twenty minutes after blood loss and have been noted 
to persist for several days. 

8. The pulmonary edema resulting from acute peripheral blood loss is a 
stagnant alveolar accumulation of high protein value; this may be an ideal 
culture media for droplet implantation from the nose and throat and for the 
subsequent development of pneumonia. 
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DISCUSSION 


DR. I. A. BIGGER, Richmond, Va.—Dr. Eaton, it is my pleasure and privilege to 
present to you the Rose Lampert Graff Prize, awarded each year for excellence of work 
done, and presented at this Association’s meeting. The committee this year felt that your 
work was of a very high order, and gives you this award as an indication of that feeling. 
We congratulate you and turn this over to you, and I am quite certain we will hear much 
more from you. 


DR. EVARTS A. GRAHAM, St. Louis, Mo.—I am delighted that the committee decided 
that Dr. Eaton should have this award. I want to tell you a little bit about this work, and 
how it was done, because I think there is a good object lesson in it. 

Dr. Eaton, when in the Army, was assigned to duty in St. Louis, to be in charge of 
the Red Cross blood bank. This was an occupation which did not require all of his time. He 
began to come over to the Barnes Hospital and interest himself in various things, and he 
became very much interested on his own account in the amount of blood loss which was 
going on in connection with operations. 

As a result of that, he has done this work, which I think is very important and very 
beautiful. He had no particular experience or training in physiological experimentation be- 
fore undertaking this work. 

After getting along to a certain point, it seemed desirable that he should learn to 
cannulate the right thoracic duct, and so it was suggested to him that it might be well to 
spend some time with Dr. Cecil Drinker. 

The question then arose as to whether he could get away from his job at the blood 
bank in order to do this. It took only a little maneuvering in order to get him relieved 
from duty to go down and spend some time with Dr. Drinker, and when Dr. Eaton came 
back from this experience he was bubbling over with enthusiasm. 

This is only a very small part of the very beautiful and magnificent job that he has 
done. He could have kept us here all afternoon telling us about the other things. 

I think it is most significant that he has been able to explain, I think, in a very 
satisfactory way, the intimate connection between pulmonary edema and severe hemorrhage, 
no matter where the hemorrhage is from, whether it is from the lung or big toe or head, 
and, of course, having explained the pulmonary edema, it is easy enough to understand 
how to prevent it, and perhaps even to abort it when it is just beginning, because in the 
last analysis, it is a phenomenon of anoxia of the capillary endothelium in the lungs, and 
certainly, therefore, one should take immediate steps to improve the anoxia. 

As he has already indicated, these steps are, first of all, the substitution of whole 
blood for that which has been lost. Under no circumstances would the admission of unbound 
water be allowed. I mean by that, that an electrolyte solution with no protein to bind the 
water should not be given. That is the worst thing that can be done. It is far better to 
do nothing than to give a patient unbound water under such circumstances. 

Then, of course, one has the possibility of the direct administration of oxygen into 
the lungs, under pressure if necessary, and generally it is necessary in order to get the 
oxygen through the film of water that lines the alveoli. 


DR. EATON.—I have nothing to add, except to express my appreciation to Dr. Graham 
for all he has done for me. He has done more for me medically than anyone in my experience. 





PERICARDIAL COELOMIC CYST 


Leon J. Leany, M.D., AND (BY INVITATION) GorDON J. CuLver, M.D. 
BuFrrao, N. Y. 


ECENTLY the opportunity to study a patient who had a relatively rare 

cystic lesion of the anterior mediastinum presented itself. The eyst was 
in close relationship with the pericardium and exhibited interesting radio- 
graphic, surgical, and pathologic findings. This case will be presented, and the 
origin of this and similar lesions will be discussed. 


CASE REPORT 

Mrs. G. I., aged 50, white, a housewife, was referred by: Dr. Leo A. Hellman, Port 
Allegheny, Pa. 

Relevant History.—The patient was admitted to the hospital Jan. 20, 1946, complaining 
of hemoptysis, cough, and pain in her right lower chest. She had pneumonia with hemoptysis 
about twenty years previously. Six months following recovery there was another attack of 
hemoptysis which persisted over a one and one-half year period. Following this last attack 
the patient was well until July, 1945, when, after a rather exhausting month, she again 
began to have a cough with production of bloody sputum. These symptoms were present 
intermittently up until two weeks before admission. She had no hemoptysis in the two weeks 
prior to admission, but this reappeared five days after admission, which was the day follow- 
ing the initial bronchoscopy. 

In December, 1945, the patient had a respiratory infection which was accompanied by 
severe headaches and rhinitis. This illness was followed by an increase in the severity and 
frequency of the coughing attacks with production of about one-half cup of clear to chunky 
sputum per day. Also following this episode she complained of pain medial to the tip of 
the right scapula. This pain was steady and aching in character, and sometimes sharply 
accentuated by deep breathing. During the four years previous to admission the patient ex- 
perienced a weight loss from 140 to 115 pounds. 

Physical Examination—The temperature was 99.2° F. rectally, pulse was 80, respira- 
tion 20, and blood pressure 102/56. The trachea was in the midline. Respiratory move- 
ments were more marked in the upper than the lower chest, and on the left more than the 
right. There was dullness to percussion in the right costophrenic angle posteriorly, and at 
the level of the fifth rib anteriorly extending down to the costal arch. 

No abnormalities of the heart were noted. 

Roentgen Examination.—The chest showed a well-rounded, sharply demarcated, homog- 
enous density on the right side, adjacent to the midline, blending with the cardiac shadow 
and touching the anterior chest wall. It did not appear to infiltrate the pulmonary par- 
enchyma, but rather to be cystic in nature. Old pleuritic adhesions were noted at the 
peripheries of both hemidiaphragms. Radiographic studies of the oesophagus and stomach 
were done, and no abnormalities were demonstrated. 

Laboratory Findings.—Urine: trace of albumin; leucocytes present on microscopic 
examination. 

Blood: Red blood cell count, 4,300,000; hemoglobin, 11.9 Gm., white blood cell count, 
6,600; differential count, normal; Wassermann and Kahn, negative. 

Sputum: (concentration method) negative for acid-fast bacilli. 
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Bronchoscopy on Jan. 24, 1946, showed nothing more than chronic bronchitis, the type 
in which the membranes are very dry. There were numerous thin, yellow crusts in various 
places throughout the tracheobronchial tree. The patient coughed persistently during the 
bronchoscopy, but no blood was seen. Following withdrawal of the bronchoscope, the patient 
coughed and expectorated a small amount of bright red blood. An indirect laryngscopy was 
done immediately but no source of bleeding was found. The patient was rebronchoscoped 
at once. A small, red polyplike growth was found on the posterior wall of the left bronchus. 
This was biopsied. The sections showed normal mucous membrane. 

The only positive finding on Jan. 30, 1946, was that the branch bronchus of the right 
lower lobe seemed to be partially occluded by swolien membrane and this bled freely when 
a forcep was introduced into the bronchus. 

Correlating the clinical, roentgen, and bronchoscopic findings, it was felt that this 
patient had a benign tumor within the thorax. possibly a dermoid cyst or a hemartoma. It 
seemed most probable, considering the bronchoscopic findings, that the hemoptysis was the 
result of inflammatory bronchial disease and not related to the tumor per se. 

Surgical Findings——Under intratracheal anesthesia, an incision was made beneath the 
right breast anteriorly. Three inches of the fifth rib was resected with the costal cartilage. 
The lower and middle lobes were rather densely adherent to the pleura. It was necessary 
to remove the sixth costal cartilage before separation of the lower lobe from the mediastinum 
could be accomplished. This was done, and a cyst filled with clear fluid, which was about 
the size of a large orange, was carefully dissected and enucleated from the anterior medias- 
tinum. This was removed intact. The attachments were ligated. These appeared to be 
fine fibrous bands containing a small amount of fat but no blood vessels of any appreciable 
size. The medial border of the cyst was in direct contact with the right margin of the 
pericardial sac. Laterally, there was a thin layer of areolar tissue separating the cyst from 
the mediastinal portion of the lower lobe. 

The wound was closed in layers without drainage. 

Postoperative Course.—The postoperative period was without incident. She was out of 
bed on the sixth day. Hemoptysis ceased on the seventh day. Follow-up examination on 
April 25, which was eighty days following surgery, revealed no complaints referable to her 
chest. There had been a weight gain and hemoptysis had not returned. 

Pathology.—The specimen was a pear-shaped, cystic structure that weighed 145 Gm. 
and contained clear, watery fluid. The wall was very thin and somewhat idented along one 
border. There was very little fat tissue adherent to the cyst wall. Sections taken through 
the cyst showed a fairly clear picture of a simple cyst lined by endothelial cells. Most of 
the cells were flat but some showed a high cuboidal pattern. Morphologically these corre- 
sponded to mesothelial cells. No high columnar cells nor ciliated epithelium were seen. The 
cyst wall was edematous with a moderate inflammatory reaction. The mesenchymal portion 
consisted of distinctly edematous collagenous fibers. In some areas a few lymph follicles 
were seen with secondary germinal centers. The lining consisted of only one stratum. 


DISCUSSION 

In the literature, numerous cases of thin-walled cystic lesions of the anterior 
mediastinum have been reported. All of these have had one common feature, 
namely, their relationship to the pericardium. 

A total of forty cases of pericardial diverticula were reviewed by Cushing*® 
in 1937. In 1946, Mazer® reviewed thirteen additional cases and presented one 
more for a total of fifty-four. However, it was determined that thirty-eight, 
or 72 per cent, of this group were in reality encapsulated pericardial effusions 
(pseudodiverticula) most probably secondary to inflammatory lesions, thus 
being analagous to encapsulated empyema or effusion of the pleura. This leaves 
only sixteen cases of true diverticula of the pericardium. These have been 
ealled true ‘‘congenital diverticula.’’ 
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Haas® has set forth the theory that these congenital diverticula form at a 
point of weakness in the parietal pericardium, where the fibrous layer passes 
out along the great vessels. 

In addition to these pericardial diverticula, several cases of thin-walled 
eysts in close relationship to the pericardium have been reported. 

In 1929, Dufour and Mourrut* presented the incidental autopsy finding of 
a thin-walled cyst arising from the interior of the parietal pericardium in a 
woman, 86 years old. There was no evidence of inflammation as a predisposing 
factor. Histologically, the wall appeared to be composed of flattened endothelial 
cells. This was interpreted to be a lymphatic cyst. 

In 1934 Pickhardt*® removed a thin-walled cyst from the left anterior chest 
of a 53-year-old woman. This cyst lay anteriorly in the chest extending from 
the pericardium to the costophrenic angle. The cyst wall showed a fibrous outer 
layer with an endothelial lining. 

In 1937, a case of mediastinal cyst was presented by Churechill.t. This 
patient showed, on roentgen examination, a mass at the right cardiac border 
slightly above the right auricle, which extended anteriorly to the chest wall. 
The mass was hemi-elliptical, being flattened against the heart. It was approxi- 
mately 10 cm. in diameter. This was removed surgically. Pathologic studies 
showed an endothelial or mesothelial cyst and -was called a ‘‘simple cyst’’ of 
the mediastinum. 

In 1941 Curreri and Gale? reported a case of an anterior mediastinal cyst 
which was attached to the pericardium. This was a thin-walled cyst. No 
comment was included as to the histology of the wall. The author classified 
this as a ‘‘simple serous cyst.”’ 

In 1948, Greenfield, Steinberg, and Touroff® presented a case of a thin- 
walled anterior mediastinal cyst which had the same location as that presented 
by Churchill. The cyst was removed and histology of the wall showed a meso- 
thelial lining. The cyst was thought to be analagous to that presented by 
Churchill and was called a ‘‘spring-water’’ cyst of the mediastinum. 

In 1945 Kinsella’ referred to these lesions as ‘‘pericardio-phrenice angle 
eysts’’ commenting on the subjective and objective characteristics. 

From the above discussion it can be seen that there is considerable confusion 
in the literature concerning the true nature of cystic lesions associated with the 
pericardium, although on close inspection they appear to be very closely related. 

In October, 1940, Lambert*® presented two cases of thin-walled thoracic 
eysts and included another from Butler’s clinic in an extremely comprehensive 
paper which serves to correlate all this conflicting data. He offered a simple 
embryologic explanation for what appears to be a somewhat complex problem. 
This explanation is based on the appearance of mesenchymal lacunae early in 
the life of the embryo which eventually coalesce to form the pericardial coelom. 
It is known that these lacunae are in no way fixed in their relationship to body 
segments. Connections between the pericardial coelom and the pleuroperitoneal 
coelom develop. Later, separation of the pleuroperitoneal coelom into two parts 
occurs. Lambert mentions various congenital anomalies which occur in failure 
of such normal developmental processes. 
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The important point to appreciate is the variations which may occur in the 
development of the lacunae which later form the pericardial coelom. These 
are listed by Lambert as follows: 

1. Inequality in the developmental rate of one of the primitive lacunae 
which later form the pericardial coelom. This could easily explain the develop- 
ment of a true congenital diverticulum. 

2. Failure of one of the primitive lacunae to merge with the others could 
well result in an independent cavity. That is, a cyst would be formed which 
could best be classified as a pericardial coelomic cyst. 





Fig. 2.—Drawing of intact specimen and photomicrograph of endothelial lining of the cyst wall. 


Our thought is in accordance with Lambert. That is, we believe that all 
pericardial, or so-called ‘‘thin-walled’’ cysts of the anterior mediastinum in 
close association with the pericardium and ‘‘true pericardial diverticula,’’ rep- 
resent one and the same process. They are both developmental anomalies and 
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not some obscure pathologic process to be identified as something different by 
each investigator who observes one of these relatively rare lesions. 

For completeness, we must include a brief differential diagnosis of other 
eystie lesions which are found in the thorax. Echinococcus cysts exhibit a 
characteristic lining membrane. Embryonal cell-rest cysts from the respiratory 
and alimentary tracts show a cellular structure that readily identifies them. 
Dermoid cysts and teratomas likewise have a distinctive composition. Lym- 
phagiomas represent a type of cystic tumor resulting from malformation of a 
group of lymph vessels, and are, therefore, of congenital origin. The histology 
of their walls is indistinguishable from that seen in pericardial coelomic cysts, 
so such an examination alone is insufficient for differential diagnosis. However, 
grossly lymphangiomas show multiple pockets with actual invasion of the sur- 
rounding tissues by the cystic tumor. The intimate association of these tumors 
with surrounding tissues makes enucleation at the time of removal quite difficult. 
These gross differences make it easy to distinguish between pericardial coelomic 
cysts and lymphangiomas. 

It must be noted that the above differential study is entirely on a pathologic 
basis. The preoperative, clinical, and roentgen diagnosis is more difficult. How- 
ever, the possibility of a pericardial coelomic cyst must be considered, when 
we discover a cystic tumor of the anterior mediastinum. 
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THE REMOVAL OF FOREIGN BODIES FROM THE PERICARDIUM 
AND HEART 


A Movine PicturE DEMONSTRATION 


Dwieut E. Harken, M.D. 
Boston, Mass. 


OLORED moving pictures demonstrated the removal of a foreign body 

from an abscess in the pericardium and two operations for the removal of 
foreign bodies in chambers of the heart. These operations were taken from a 
series of operations in which 134 missiles were removed from the mediastinum. 
Of these foreign bodies, fifty-five were pericardial and thirteen were in the 
chambers of the heart. Seventeen cardiotomies were performed. There were 
no deaths. 

Detailed discussion of the technique of cardiotomy for shell fragments in 
all four chambers of the heart is presented in a separate publication.1. Further 
comments about the behavior of the heart during manipulation with electro- 
cardiographic response to trauma, are also presented elsewhere.” 

It was felt that certain foreign bodies should be removed from the heart: 
(1) to prevent embolus of the foreign body or associated thrombus; (2) to re- 
duce the danger of bacterial endocarditis; (3) to avoid recurrent pericardial 
effusions; and (4) to reduce damage to the myocardium. Also, it is parenthet- 
ically added that pain and cardiae neurosis may be factors influencing the de- 
cision to remove some cardiac missiles. 

It is emphasized that more foreign bodies, presumably within the heart, 
were allowed to remain unoperated than were removed. These were all asymp- 
tomatie. 

It may be of interest to note that more than one-half of the patients referred 
to the thoracic center at the 160th General Hospital in the United States Army 
in the European Theater of Operations as having foreign bodies ‘‘in the heart’’ 
were found not to have these missiles in the heart when careful fluoroscopic ex- 
amination was done. Furthermore, it was pointed out that approximately one- 
third of the missiles previously considered to be intracardiac, were not found in 
the heart at surgical exploration. These two factors make one feel that a foreign 
body cannot be conclusively diagnosed as intracardiac in position without 
surgical or autopsy exploration. In short, some of the cases of foreign body 
in the heart reported in the medical literature may not have been in the heart 
or its chambers. This would tend to make us feel that intracardiac foreign 
bodies are perhaps more hazardous than a straight statistical study of reported 
cases might indicate. 

The experience represented in reports in the medical literature and in our 
own clinic clearly indicates that a large number, if not the majority of intra- 
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eardiae missiles, may remain benign indefinitely. Conversely, our own observa- 
tions and those of our colleagues lend clinical support to our view that some 
missiles should be removed for the outlined reasons. 


OPERATION I 

This operation was performed to remove a foreign body that could not 
be rotated out of the eardiae shadow on fluoroscopic examination. It was 
thought that it might lie in a herniation of the floor of the right ventricle. An- 
terior thoracotomy was effected through the left fourth intercostal space and 
extended transversely across the sternum. The pericardium was opened trans- 
versely. The exposed heart was kept moist with 1 per cent novoecaine solution. 
When the pericardium was opened, the heart was small, firm, and readily con- 
tained within the pericardial sae. Exploration indicated that the missile lay in 
an abscess containing 18 e¢.c. of purulent material. (On culture it grew 
Clostridium welchii.) In order to expose the abscess and contained missile, the 
heart was lifted upward and forward out of the pericardial sac. This disloca- 
tion of the heart produced marked irregularity and cardiac dilatation. Electro- 
cardiograms taken at the time in Lead II showed prolongation and slurring of 
the QRS complex interpreted as right bundle branch block. The P-R interval 
varied, and at one time the P wave disappeared as nodal rhythm supervened. 
Normal rhythm was resumed at the end of the maneuver. The pericardium was 
washed with saline after the missile had been removed and associated pus and 
debris had been excavated. The pericardium was closed with interrupted No. 0 
chromie catgut sutures, leaving only a lateral window for decompression into 
the left pleural space to avoid tamponade. One hundred fifty thousand units 
of penicillin were injected into the pericardial sac through the decompression 
window. 

The sternum was firmly reconstructed with silver wire and the ribs were ap- 
proximated with pericostal sutures of double No. 0 chromic catgut. The muscles 
and fascia were then closed with interrupted No. 0 chromic catgut sutures and 
the skin edges were approximated with silk. The pleural space was not drained. 

The patient made an uneventful recovery and the right bundle branch 
block cleared within forty-eight hours. 

Discussion.—This sequence was presented to demonstrate: (1) the well- 
established fact that the heart does not tolerate dislocation from its position of 
optimum function. In this and other similar cases, it was found difficult to 
alter the position of the heart without interfering with its filling or emptying. 
(2) The value of firm reconstruction of the thoracic cage after cardiac exposure. 
This seems particularly important in firm sternal fixation as it reduces (a) 
postoperative shock and (b) postoperative bleeding. (3) The use of inter- 
costal block with novoeaine in oil before spreading the ribs. This reduces the 
shock of the operation and the postoperative discomfort of the patient. (4) The 
use of 1 per cent novocaine bath of the exposed heart to reduce cardiac irrita- 
bility by (a) keeping the exposed heart moist and (b) by possible specifie de- 
pressor action of the novocaine on the heart muscle. 
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OPERATION II 

Cinefluoroseopic studies of a foreign body, presumably in the right ven- 
tricle, were shown. These were taken on one of our patients by Professor 
Barclay of the Nuffield Institute of Roentgenology at Oxford. These cineflu- 
oroscopic studies were presented to illustrate the value of fluoroscopic studies 
in loealizing foreign bodies that lay in or in relation to the heart. 

This operation was presented to demonstrate the removal of a missile from 
the chamber of the right ventricle. The pericardium was exposed through a 
left anterior fifth interspace incision. The fourth, fifth and sixth costal ear- 
tilages were divided near the sternum. The left pleural space was freely opened 
in the usual fashion. The pericardium was opened transversely down to the left 
phrenic nerve. The missile in the right ventricle could be readily palpated. 
The eardiotomy site was dictated by a zone of myocardial damage overlying the 
contained shell fragment. (The zone of damage to the heart wall was produced 
by the massaging action of the muscle over the jagged metal.) Two staggered 
rows of hemostatic ‘‘U’’ sutures of No. 0 chromie catgut were placed about 
the damaged zone—the site for cardiotomy. Each suture was then tied loosely 
down to the myocardium to minimize the bleeding about the sites of suture per- 
foration. The inner row of hemostatic sutures was then held in the assistant’s 
hands. The epicardium was incised. The grasping forceps were then thrust 
into this chamber of the heart and the missile was grasped and teased around 
the papillary muscles and chordae tendineae to the heart wall. During this 
manipulation, it was possible to stabilize the missile and pinch off the apical 
portion of the right ventricle between the operator’s left thumb on the an- 
terior surface of the right ventricle and his left middle finger on the 
diaphragmatic aspect of the heart. In this semi-isolated fashion, the grasping 
forceps were maneuvered about in the chamber for more than three minutes. 
Foreed transfusion of 1,000 ¢.c. of fresh whole blood was used to replace the 
loss of approximately 800 ¢.c. of blood from the heart. This blood replacement 
was effected during the manipulation and the succeeding fifteen minutes. As 
soon as the missile had been removed, the inner row of hemostatic sutures was 
crossed and tied. The outer row was then crossed and tied over a small free 
pateh-graft of pericardium. A second, larger, free patch-graft of pericardium 
was tacked in place with interrupted No. 0 chromie catgut sutures. The anterior 
portion of the pericardium was then closed with interrupted sutures, leaving a 
decompression window 2 by 5 em. in size in the lateral angle of the transverse 
pericardial opening. This allowed blood and effusion to escape into the left 
pleural space and safeguarded against the occurrence of cardiac tamponade. 

The chest wall was then reconstructed in layers. Air was aspirated through 
a catheter as the left lung was expanded by the anesthetist. 100,000 units of 
penicillin were then injected into the pleural space through the catheter and the 
catheter was withdrawn. The pleural space was not drained. The patient made 
an uneventful recovery. 

Discussion.—This sequence was presented to demonstrate: (1) Cine- 
fluoroscopic studies of an intracardiac missile. (2) A technique of cardiotomy. 
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(3) Partial isolation of a portion of the right ventricle and open cardiotomy 
in that region for more than three minutes without fall of the systolic blood 
pressure below 110. This maintenance of effective blood pressure was due 
(a) to continued function of the remainder of the right ventricle and (b) to 
rapid blood replacement. (4) The importance of maneuvering the missile out 
through the forest of papillary muscles and chordae tendinea rather than by 
simple extraction at first blind grasp. (5) The use of free patch-grafts of peri- 
cardium over the incised zone in the right ventricular wall. (6) The preference 
for the use of wide, transpleural exposure for operations on the heart and 
adnexa. 
OPERATION III 


This was the third and successful cardiotomy for the removal of a missile 
that had migrated from the right ventricle to the right auricle at the first opera- 
tion and from the right auricle to the right ventricle at the second operation. 
The technique of this intracardiac manipulation was essentially similar to op- 
eration II. The patient made an uneventful recovery. 

Discussion.—This case was presented to demonstrate: (1) The use of the 
reverse Trendelenburg position and elevation of the patient’s right side to pre- 
vent migration of the missile from the apex of the chamber of the right ven- 
tricle. (2) The use of an adherent pericardium to support sutures in the right 
ventricle. (3) Solid healing in a previous cardiotomy site that had been closed 
by No. 0 chromic catgut sutures and free pericardial patchgraft. (4) Damage 
to the myocardial wall by movement over an irregular fragment in the chamber 
of the heart. This damage was manifested by discoloration, flabby texture of 
the muscle, and paradoxical motion in the damaged zone. 
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DISCUSSION 


DR. HARRY R. DECKER, Pittsburgh, Pa.—This has been an amazing exposition 
of the technique and results of removing foreign bodies. 

In my review of 100 cases in which missiles were removed from the heart, either the 
chambers or the muscle, prior to 1939, there was a mortality of about 20 per cent, and it was 
even a higher relative mortality in the cases in which the missiles were removed from the 
chambers. 

I think that it can be said that at least half of the mortality resulting from the attempt 
to take foreign bodies out of the heart, of either wall or chambers, was the result of infection, 
setting up blood stream infection, or pericarditis, pneumonitis, or empyema. 

We are better protected now, with the advent of the sulfa drugs and penicillin, in the 
prophylactic use against this very definite factor of mortality. Nevertheless, the success here 
has been due to dexterity and technical skill. Certainly the soldiers in this war are benefiting 
by a greater skill than did the soldiers in the last war. 

The important thing is to decide which patients should be operated on and which should 


not. 
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The mortality statistics resulting in the last war showed that patients left with foreign 
bodies in the heart or in their chambers succumbed eventually in just about the same percentage 
as those that were operated upon. It would seem, therefore, that it was a standoff between 
conservative treatment and radical treatment. 

Statistics do not mean very much. The last answer is that the case should be considered 
on an individual basis. Each case should be decided with reference to the patient’s symptoms, 
interference with cardiac function, and neuropsychiatric reaction. 

My interest in this subject was stimulated by a man who was incapacitated from 
economic inability to earn his living, because he had the knowledge of a foreign body which 
was really extrapericardial, although at the time we considered the case we thought it intra- 
pericardial. When several different surgeons, including Frank Dolley, who saw the patient for 
me in California, finally convinced the man that the foreign body was in a location where it 
would never do any harm, he finally got back to a gainful occupation and was very happy 
about it. é 

We have patients who may need radical surgery to get them over their symptoms and get 
them back into ordinary gainful work. 


DR. PAUL C. SAMSON, Oakland, Calif—We have all been tremendously interested 
in this exposition of Dr. Harken’s today and are thrilled to know that the risk of operation 
is certainly remarkably less than it has been in the past. 

I believe and I am certain Dr. Harken agrees, that the advisability of removing 
foreign bodies cannot rest with a series of patients in which foreign bodies have been re- 
moved, until it is compared with similar patients in whom foreign bodies have been allowed 
to remain for a period of years and until patients of that type are evaluated very 
carefully as to complications. That, of course, must come with further study of cases which 
some of us may be able to garner from this war. 

It might be interesting to compare the removal of foreign bodies in a base section 
center, which has been so ably demonstrated, with the removal of foreign bodies further 
forward in military operations. 

At the end of the war, I had the opportunity of reviewing the surgery which was 
performed by surgeons of the Second Auxiliary Surgical Group, and a series of 75 heart and 
pericardial injuries were thus reviewed. This group formed 3.3 per cent of all the penetrating 
thoracic and thoracoabdominal wounds which members of the unit saw. In the series, 21 
had foreign bodies, which were described in or about the heart and pericardium. It is of 
interest that 12 of these were not removed at the time of surgery, for one reason or another. 
Frequently removal was not undertaken because the patient’s condition did not warrant 
further search. 

Among the 21 cases there were eight deaths which occurred in forward hospitals, 
but on as careful a survey of the record as possible, it seemed that only two of the deaths 
were due directly to the foreign body itself. One of these to which I will refer later was 
from a missile embolic to the right ventricle, and the other was from a large fragment lying 
in a depression underneath the sternum. The deaths in the other six were not believed 
to be due to the presence of the foreign body. 

We felt, therefore, that in all probability, unless the foreign body gave rise to definite 
symptoms during the first few days, when the patient was under observation at a forward 
hospital, it would probably be better to allow him to return to base section where further 
studies could be made and perhaps a leisurely approach to the removal of the foreign body 
would be possible. 

One fatality was obviously due to an embolic foreign body. This patient was shot in 
the right flank by a shell fragment, which entered the cecum and disappeared somewhere 
in the midline. Laparotomy was done, the cecum repaired and the foreign body not found. 
Several days later he complained of chills and fever, and x-ray showed a definite shadow of a 
foreign body just below the diaphragm. He was believed to have malaria at one time, 
because of questionable positive smears, although it was never proved. 
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The patient seemed to recover, and on the tenth or eleventh day was evacuated and 
was dead on arrival at another hospital. Autopsy showed the missile lying in the right 
ventricle, having been washed up into the heart. The overlying myocardium for a distance 
of several centimeters was black, and death was due to the presence of the foreign body and 
the squeezing action of the myocardium on that foreign body. 

One word, Dr. Beck, in connection with your speaking of the cardiae contusions; we 
had an interesting series of 26 cardiae contusions with and without laceration. These were 
proved to be contusions when the chest was opened for other reasons. 

Contusions are very serious. There was a 40 per cent cardiac mortality, in this group. 
The patients stood operation very poorly, and I am sure that as time goes on, having seen 
so many of these contusions directly, we will be much more aware of them during civilian life. 


DR. HENRY A. BRODKIN, Newark, N. J.—I would like to relate briefly a very 
unusual case not only pertinent to the paper under discussion but also apropos to the papers 
discussed on the subject of decortication of the lung. <A similar principle is involved surgi- 
cally and pathologically. 

At the 15th General Hospital in Liege, Belgium, we received an officer who had had 
amputations of both legs as a result of an exploded land mine about one week before. The 
amputation stumps were encased in an adequate skin traction apparatus. The patient was 
anemic, dyspneic, apprehensive; and had an elevated temperature, small pulse, and low blood 
pressure. Veins of the neck were prominent and appeared distended. X-ray of the chest 
disclosed an enlarged cardiac shadow suggestive of a pericardial effusion with several 
small pieces of shrapnel superimposed on the cardiac shadow. The pericardial sac was 
aspirated and about 150 ¢.c. of a dark, brownish-red, bloody fluid was obtained. Following 
this there was a dramatic improvement in the patient, respiration and pulse improved and 
blood pressure rose to 110 systolic. Several days later he relapsed into his former condition 
and another pericardial tap was attempted and only about 10 e¢.c. of similar fluid was ob- 
tained. Cultures of fluids were negative. There was no improvement, and the patient’s 
condition became progressively worse until he became semicomatose. Blood pressure fell 
to about 88/66, pulse was of small volume, veins of the neck quite prominent. Liver enlarge- 
ment could not be definitely ascertained. 

It was felt that we were dealing with a clotted hemopericardium that was contracting 
and interfering with cardiac diastole and had resulted in tamponade of the heart. In view 
of our experience with clotted hemothorax, it was felt surgically feasible to explore the 
pericardium and possibly relieve the compression of the heart. Under local anesthesia the 
pericardium was opened and the exact pathology was found here, as we saw in hemothorax. 
The pericardium was thickened, and soft fibrinous clot was removed with loculations of 
fluid. After incising the exudate over the heart, the encasing membrane could be peeled 
off with the finger in the same manner as it was done over the lung. When the heart was 
uncovered, the pericardium could be seen smooth and glistening and now the cardiac 
contractions, which had been comparatively slight, were strong and vigorous. The improvement 
in the pulse, pulse pressure, blood pressure was dramatic. An opening was made in the 
pericardial cavity into the pleural cavity so that any further oozing would go into the 
pleural cavity. The operative wound was closed without drainage. The improvement in the 
patient was rapid and dramatic. This was the first and only decortication of the heart for 
hemopericardium. 

In addition I would like to mention briefly one patient who was evacuated into our 
hospital who had a left parasternal wound about the left third rib 2 inches long that was 
healed. He was sitting up perfectly comfortable in bed without any complaint. On looking 
at his x-ray there was a large metallic shadow partially within the cardiac silhouette and 
in the left hilar region. At first this was thought to be the soldier’s aluminum identification 
tag. He had been evacuated from two other hospitals with similar pictures. It was not 
uncommon to see identification tags in the neighborhood of the upper mediastinum displayed 
in x-ray. Further x-rays, however, disclosed this shadow to be a large shell fragment approx- 
imately 2 inches long, about 1 inch wide and 4 inch in thickness weighing 100 Gm. This 





HARKEN: REMOVING FOREIGN BODIES FROM PERICARDIUM AND HEART 707 


mass was removed under general anesthesia and found in a localized infected cavity resting 
on the convex surface of the pericardium and heart in the left anterior mediastinum. This 
patient made an uneventful recovery. 

This case is mentioned because of the unusually large shell fragment resting on the 


heart and producing no symptoms. 


DR. LAURENCE MISCALL, New York, N. Y.—In our center in Northern England, 
quite similar to the one in which Dr. Harken operated in Southern England, we did 440 
thoracic cases in seven months. Of that number, 10 per cent were foreign bodies involving 
either the pericardium, the heart, or the great vessels. 

The vast majority of these patients were referred to us by the medical services in 
the associated general hospitals for which we were responsible. They were admitted for several 
reasons. Some came for elective removal of an asymtomatic foreign body. These mainly 
involved the pericardium. However, we did see a fair number of foreign bodies in the wall 
or chambers of the heart and the pericardium. Many had been observed in other general 
hospitals for a period of time with apparent recovery. Some of these patients then had 
acute attacks with severe shock resembling coronary thrombosis or pericarditis. 

We easily removed many such foreign bodies, with excellent results. 

Here are a few slides which will illustrate why we removed some of them. 

(Slide.) This is a first x-ray on a patient after he arrived at the thoracie center. He 
came for treatment of extensive empyema. 

(Slide.) He had had decortication, and in none of the routine x-rays up to this time had 
this ventricular foreign body been demonstrated. 

(Slide.) This happened to be foreign bodies in the anterior wall of the right ventricle. In 
removing, we found we had some difficulty because one of them did slip into the lumen of 
the heart. In removing these we placed a hammock of fine silk sutures directly under the 
foreign body. They traversed the cardiac lumen. They steadied the missile and heart during 
removal. The foreign body could then be attacked by sharp dissection. After visualization 
and removal, hemostasis was established easily by cross-tension on the hammock sutures. 
After the cardiae defect was closed by a few fine interrupted sutures, the hammock ones 
were cut close to the heart and pulled out. We found this more satisfactory than any other 
method. 

(Slide.) This is the postoperative result. 

(Slide.) This shell fragment proved to be in the right pulmonary artery. Just previous 
to this time, the right femoral region had been explored unsuccessfully for a foreign body. The 
patient complained of sudden pain in the right chest during the procedure, With this history 
and these plates we made diagnosis of pulmonary embolus (shell fragment from femoral 
region) which is visualized here. 

(Slide.) We opened his chest and removed the foreign body from the right pulmonary 
artery. Part of the lower lobe which had sloughed was resected and the right middle lobe 
laid over it. 

(Slide.) An arteriovenous fistula opened and caused this dilatation of the heart. We 
stretched the sphere of thoracic surgery a bit to interrupt the fistula with repair of both the 
artery and vein. These plates, taken on January 30, and February 19, show this rapid 
recovery. 

(Slide.) This patient had an abdominal exploration for removal of this foreign body 
and suture of bowel. The foreign body was not found in the abdomen. He complained soon 
of precordial pain and was transferred to the center. On these plates and fluoroscopy we made 
a diagnosis of right ventricular foreign body. 

(Slide.) It was removed from the right ventricle and here are his postoperative plates 
with apparent recovery. 

(Slide.) This patient came to the thoracic center because of repeated hematemesis. 

(Slide.) These plates showed the foreign body adjacent to a bronchus. Its tip was 
visualized through a scope on the left just below the upper lobe branch. It was not disturbed 
since we had seen one such removal foilowed by severe hemorrhage: into the bronchial tree. 
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We explored the chest, (slide) mobilized the pulmonary artery, removed the foreign body 
and sutured the defects with excellent results. This patient went back to duty. 

(Slide.) This patient with a foreign body in the superior vena cava had these almost 
normal x-ray plates taken about three weeks after injury. He had almost negligible hemothorax 
in his original plates. 

(Slide.) This was removed easily by placing all sutures and controlling the circulation 
before extraction. Uneventful recovery followed. This is the postoperative plate (Slide). 

Just what we accomplished in all of these cases is perhaps a question to be settled. I 
think we aided some of our patients, and especially those with embolic foreign bodies. 

Of great importance is the demonstration that, with good anesthesia and trained teams, 
the elective removal of the foreign bodies of the heart can be an entirely safe procedure. We 
removed thirty-nine without any deaths. 

It would be instructive to try to make a survey over the years of just what is the 
outcome after the removal of these foreign bodies. 


DR. JEROME R. HEAD, Chicago, Ill.—Certainly one of the important differences 
between the recent war and World War I was the efficiency of the medical organization 
and the early and successful application to the ill and injured of modern medical and surgical 
measures. This was particularly true of thoracic surgery, which developed from terra 
incognita into a major and well-developed specialty between the two wars. 

Because I was not active in this war, I hesitate to discuss the papers of the men who 
have been active and have done such excellent work, and do so only because I have been in a 
position to see and evaluate the late results of thoracic injuries and intrathoracic foreign 
bodies in the veterans of the first war. In a very large diagnostic, rating, and chest surgical 
service at Edward Hines, Junior, Hospital, I have seen all of the major thoracic problems which 
have developed in the veterans in the Mississippi Valley between 1926 and 1946. Certainly 
during the last war many foreign bodies were left in the chest and yet during that time we 
have seen only two cases in which they were causing trouble. Both of these patients had 
repeated severe hemoptysis. In both cases the foreign body was a rifle or machine-gun bullet. 


PRESIDENT CLAUDE 8. BECK, Cleveland, Ohio.—I should like to make one or two 
critical remarks about Dr. Harken’s interesting demonstration. 

In his first operation as shown in the motion picture the approach was to the left 
of the sternum and the foreign body lay to the right of the sternum. The sternum was cut 
across to get exposure. The sternum would not need to have been cut across if the approach 
had been made to the right of the sternum. 

My second comment concerns the procedure made in removing the foreign body in the 
wall of the right ventricle. I believe the loss of blood could have been reduced by using a 
different technique, and would like to suggest in such a case the use of mattress sutures 
through the two walls of the ventricle so that the foreign body is exteriorized to some 
extent from the cavity of the heart. These mattress sutures can be held with some traction 
so that when the heart is opened the amount of bleeding can be controlled to some extent. 
This method has the additional advantage of fixing the foreign body in position so that 
it is not dislodged into the cavity of the heart during the manipulation of extraction. 


DR. DWIGHT E. HARKEN.—On reviewing Dr. Decker’s article, I was impressed with 
the fact that many of the foreign bodies that were said to be in the heart were so described on 
the basis of roentgenologic evidence alone. I am sure this will be Dr. Decker’s recollection 
of various cases that he assembled from the literature. 

It was interesting to note that in our own experience less than one-half of the foreign 
bodies sent to us as ‘‘in the heart’’ on x-ray evidence alone, were thought to be in the 
heart after fluoroscopic examination. It seems entirely likely that some of these cases of 
so-called ‘‘foreign body in the heart’? might have reached the medical literature if we had 
not rotated the patients on fluoroscopy very carefully and found that they could be separated 
from the cardiac shadow. 
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Another factor is that, of those missiles that we thought might be in the heart, one-third 
at the time of surgical intervention were found to be, in fact, extracardiae in position. They 
might have been well within the shadow of the heart, but on exploration were found to lie 
high in the auricular-ventricular groove. These facts tend to make gross statistics derived 
from all cases reported in the literature, falsely optimistic. 

In short, I am sure Dr. Decker will agree that one should not accept the statistics 
on foreign bodies in the heart unless they have been established as in the heart by operation 
or autopsy. 

I was pleased to hear him discuss the psychological reaction of the patient. During 
the course of the evolution of our rationale, I sought the best counsel available. Being in 
England, one of the men was Professor Gray Turner. He said, ‘‘In addition to the factors 
that you mention, young fellow, a great deal will also depend upon the individual’s reaction to 
the knowledge that he harbors an unwelcome visitor in one of the citadels of his well-being.’’ 

I particularly appreciated Dr. Samson’s comments and the addition of a case that 
does support our rationale for the removal of some of these cardiae foreign bodies. Dr. 
Samson has said privately, he is sure that this patient could have been salvaged by the 
removal of the foreign body. 

I emphasize again the fact that we elected to leave more than we removed. It has been 
quite clear that we are not sure of the ultimate fate of these people, but at least they 
are now all clinically well, and there were no surgical deaths. 

Dr. Miscall added very interesting embolic cases. I have removed three embolic shell 
fragments from intrathoracic blood vessels, two to the pulmonary artery and one to the 
innominate artery. All patients did very well. 

As to Dr. Beck’s comment about the exposure of the first foreign body, I am sure 
that he is right. We might have done better to use a sternal dividing incision or even a 
similar approach to the one used, but an interspace lower and on the right side, and attained 
much readier access to the foreign body. That case was presented to demonstrate the point 
about dislocation of the heart (that admittedly was forced upon me by the use of an 
improper incision). The production of right bundle branch block is significant. 

Dr. Beck’s second suggestion, namely, a sling suture might be used for fixation of the 
missile before opening the ventricle, is well taken, This technique was never used, however, 
for fear that the missile or associated thrombus might be dislocated in the maneuver before 
I gained control of the fragment by the open technique. This missile was the only one that got 
away. 

I hope we have learned more from this than that we can remove foreign bodies from 
the heart, and that we have added to our understanding of the behavior of the heart during 
manipulation. 





THE USE OF FLUORESCEIN TO DEMONSTRATE THE EFFECT OF 
ARTIFICIAL RESPIRATION UPON THE CIRCULATION 


SamMvueEL ALcotr THompson, M.D., F.A.C.S., Kurt Lance, M.D., aNp 
Epwarp Ernest Rockey, M.D. 
New York, N. Y. 


NTIL recently, no satisfactory method was known for demonstrating the 

effect of artificial respiration upon the circulation of the blood alone. 
This effect can now be observed by the use of tracer substances injected into 
the vascular system of animals. This is done immediately after death from 
asphyxia when there is no active heartbeat. The tracer substances which we 
have used are: radioactive sodium,' oxygen,? and fluorescein. This report de- 
seribes the use of fluorescein only. 

The purpose of this study was to determine the effect of inflation and de- 
flation of the lungs upon the circulation, using a tracer substance, fluorescein, 
which is grossly visible with the aid of an ultraviolet light. Also to observe 
the extent of any movement of the blood column produced by such pulmonary 
inflation and deflation. 

Nineteen experiments were performed on dogs. 


TECHNIQUE 


A medium-sized dog was anesthetized by the intraperitoneal injection of pentothal 
sodium. An endotracheal tube with occlusion cuff was inserted. The occlusion cuff was in- 
flated to make the tube leakproof and to provide a direct communication with the lungs. The 
femoral artery and vein on one side were exposed, and 20 to 40 mg. of heparin were injected 
into the vein. Approximately ten minutes later, the endotracheal tube was completely clamped 
off. The dog succumbed to obstructive asphyxia in about eight to ten minutes. Following 
the cessation of respiration and cardiac function, the tube was left clamped for an additional 
twenty to thirty minutes to insure no subsequent heart activity. In many of the animals, 
electrocardiograms were taken to demonstrate that the heart had completely ceased to function. 
After this time, the animal was placed on an inclined plane with the head elevated about 
10 degrees and 2 ¢.c. of a solution of fluorescein was injected into the femoral vein or artery. 
The endotracheal tube was unclamped and connected to a resuscitator. 

The resuscitators which were used delivered either positive pressure only or negative 
pressure only, or positive pressure alternating with negative pressure. The pressures were a 
maximum of plus 14 mm. of mercury and minus 9 mm. of mercury.* The rate was sixteen to 
twenty per minute. : 

The inflation and defiation of the lungs was continued for approximately one hour, 
during which time frequent observations were made with an ultraviolet light for evidence 
of fluorescein in the skin or mucous membranes of the oral cavity. 

Fluorescein is a substance having the property of emitting a very intense golden- 
green light when it is illuminated by ultraviolet light of approximately 3,600 angstrom units. 

From the Thoracic Surgical Service of the New York Medical College, Flower and Fifth 
Avenue Hospitals, and the Metropolitan Hospital. 

Aided by a Grant from the John and Mary R. Markle Foundation. 


Received for publication Nov. 22, 1946. 
*The resuscitators were built by the J. H. Emerson Company. 
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This is just at the borderline of the visible light. Fluorescein seems to be nontoxie and to have 
no effect whatsoever on the vascular system. It has a small molecule (molecular weight, 328) 
and therefore diffuses rapidly into the interstitial spaces if and when a filtration pressure 
is present in the vascular system. A 5 per cent solution of fluorescein to which was added 5 
per cent of sodium bicarbonate was used.* Under normal circumstances, it is rapidly excreted 
into the urine. A small, inexpensive mereury vapor bulb covered by a double layer of purple 
Corning Glass No. 387 was used as a light sourcet and after the injection of the fluorescsein 
solution, the entire body surface of the animal and the oronasal mucous membranes were 
examined at short intervals for the first typical luminous appearance of the dye. The intra- 
vascular injection of fluorescein has many applications in the determination of circulatory 
sufficiency in different areas of the body and has been described in detail elsewhere.3-5 


EXPERIMENTS WITH POSITIVE AND 
NEGATIVE PRESSURE RESUSCITATION. 
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APPEARANCE OF THE DYE IN THE ORDER OF ITS Frequency 


Chart 1.—Appearance of the dye at various sites when alternating positive and negative pres- 
sures are used. 


The types of resuscitation used were alternating positive and negative pressure, posi- 
tive pressure only, and negative pressure only. 

In nine experiments, alternating positive and negative pressure resuscitation was used. 
The fluorescein was injected into the femoral vein in six, into the femoral artery in three 
experiments. The time elapsed between the beginning of resuscitation and appearance of dye 
in the oral cavity or conjunctivae varied from ten to thirty-seven minutes. 

Autopsies were performed on nine dogs after twenty-two to eighty-one minutes of 
resuscitation and the presence of the dye in the various parts of the body was noted. In 
the order of frequency, it was observed in the following sites. (See Chart 1.) The numbers 
after the organs listed refer to the number of times the substance was found: oral cavity 
(8), lungs (7), heart (6), liver (6), conjunctivae (6), intestine (5), coronary vessels (4), 
vena cava (4), mesenteric vessel (2), intercostal vessels (2), pericardial vessels (1), nasal 


*Supplied in ampules by C. F. Kirk & Co. 
qSupplied by George W. Gates and Co, 
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mucosa (1), diaphragm (1), bladder (1), gall bladder (1), dura mater (1), brain vessels (1), 
between the toes and under the toenail (1). 

Complete autopsies were not made in all animals and that fact accounts for the ap- 
pearance of the dye reported in the oral cavity and not reported in the other organs. The 
brain was autopsied in only one animal. 

Two experiments were done with negative pressure only. In both occasions the dye was 
injected into the femoral vein and autopsies performed in forty-five and forty-four minutes, 
respectively, after the beginning of resuscitation. The dye was found to be limited mostly 
to the venous side of the vascular system. At autopsies the dye was found in the following 
sites in order of its frequency (see Chart 2): vena cava (2), lower abdominal wall (2), 
heart (1), lungs (1), liver (1), gall bladder (1), sigmoid colon (1). 
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EXPERIMENTS PERFORMED 


APPEARANCE. OF THE DYE IN THE 
ORDER OF ITS FREQUENCY 


Chart 2.—Appearance of the dye at various —_ when negative pressure only (suction) was 
used. 


Four experiments were done with positive pressure only. The dye was injected into 
the femoral vein in two experiments and into the femoral artery in two experiments. The 
fluorescein was first observed within the oral cavity after sixteen to thirty minutes following 
the beginning of resuscitation. Autopsies were performed after twenty-nine to forty-six 
minutes of resuscitation and fluorescein was found in the following sites in order of its fre- 
quency (see Chart 3): vena cava (4), oral cavity (2), liver (2), kidney (2), lower ab- 
dominal wall (2), conjunctivae (1), axilla (1), lungs (1), gall bladder (1). 

Four control experiments were performed. In one, fluorescein and heparin were used 
as in the other experiments but no resuscitation procedure was used and the dog was kept 
in a horizontal position, There was evidence of some local and downward diffusion of the 
fluorescein. In one, the diffusion was of a local nature, since this dog was in Fowler’s position 
during the experiment. Two experiments were done without the injection of heparin. * In 
both occasions, clotting of the blood prevented the movement of the blood within the vascular 
bed in spite of the resuscitation procedures. 
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DISCUSSION 


These experiments demonstrate that the inflation and deflation of the lungs 
produces a movement of the blood in the vascular system. By the use of a tracer 
substance this movement is seen to be in the normal direction from vein to right 
heart, to lung, to left heart, to artery, and back to vein again, thus making a 
complete circuit. By these experiments we have demonstrated the possibility 
of circulating the blood over the entire body without the benefit of any heart 
action but by the simple inflation and deflation of the lungs. 


ExperRiIMENTS WITH 
PosiTIVE PRESSURE RESUSCITATION 
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APPEARANCE OF THE DYE IN THE 
ORDER OF ITS FREQUENCY 


Chart 3.—Appearance of the dye at various sites when positive pressure only was used. 


The brain was examined in only one experiment, and this autopsy showed 
that the brain vessels as well as the brain substance contained large amounts 
of fluorescein. 

To prevent the effect of gravity on the diffusion of the dye, the animals 
were placed on an inclined plane with the head elevated approximately 10 
degrees. 

Before autopsy the fluorescein was seen most frequently and earliest within 
the oral cavity (mucous membranes). 

The widest and quickest distribution of the dye occurred in the experi- 
ments which were done with alternating positive and negative pressure resusci- 
tation, as can be seen from Charts 1, 2, and 3. Further study of the charts 
show no appreciable difference between the efficiency of the resuscitation with 
negative pressure only and positive pressure only, although there were only two 
experiments in which negative pressure was used. 
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The control experiments indicate the occurrence of some local and down- 
ward diffusion of the dye. They also show the importance of heparinization of 
the animal, since intravascular clotting takes place soon after death. Once clot- 
ting has occurred, no further movement of the blood column is possible. As 
long as the blood remains liquid it can be circulated, and this means an increase 
in the possible resuscitation time. 


CONCLUSIONS 


Inflation and deflation of the lungs in a previously heparinized animal im- 
mediately after death produces a movement of the blood column within the 
vascular system. This can be observed by the intravascular injection of a 
tracer substance, fluorescein, which gives a typical luminous appearance when 
examined under an ultraviolet light. The movement of the blood is in a normal 
direction, and as such can be cireulated over the entire body. This movement 
of the blood takes place without the benefit of any cardiac activity. 

The widest and quickest distribution of the dye occurred when alternating 
positive and negative pressure resuscitation was used. 

The importance of heparin in resuscitation is demonstrated. Heparin keeps 
the blood in a fluid state and as such allows it to be circulated. Once clotting 
has occurred, no further circulatory movement is possible and all resuscitative 
attempts will fail. 

Resuscitation with alternating positive and negative pressures is superior 
to resuscitation with positive pressure only or negative pressure only. 
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